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CONSTITUTION OF THE ASSOCIATION.* 



OBJECTS. 

The Association shall be called The American Association 
FOB THE Advancement of Science. 

The objects of the Association are, by periodical and migra- 
tory meetings, to promote intercourse between those who are 
coltivating science in different parts of the United States, to 
give a stronger and more general impulse and a more system- 
atic direction to scientific research in our country, and to pro- 
cure for the labbrs of scientific men increased facilities and a 
wider useftdness. 



Rule 1. Any person may become a member of the Asso- 
ciation upon recommendation in writing by two members, 
nomination by the Standing Committee, and election by a 
majority of the members present. 

officers. 

Rule 2. The officers of the Association shall be a Presi- 
dent, Vice-President, General Secretary, Permanent Secretary, 
and Treasurer. The President, Vice-President, General Secre- 
tary, and Treasurer shall be elected at each meeting for the 
following one; — the three first named officers not to be re- 
eligible for the next two meetings, and the Treasurer to be 
reeligible as long as the Association may desire. The Per- 
manent Secretary shall be elected at each second meeting, and 
also be reeligible as long as the Association may desire. 

* Adopted Angoflt 96, 1866, and ordered to go into effect at the opening of the 
Montreal Meeting. Amended at Burlington, Aogost, 1887, and at Chicago, Aogast, 
1868. • 

(XV) 
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XVi COMSTITCnON 

URTINOS. 

BuLE 3. The ABSociation shall meet, at sach intervals as it 
may determine, for one week, or longer, — the time and place 
of each meeting being determined by a vote of the Association 
at the previous meeting ; and the arrangements for it shall be 
intrusted to the officers and the Local Committee. 

STAlfDINO GOXMrrrSB. 

BuLE 4. There shall be a Standing Committee, to consist 
of the President, Vice-President, Secretaries, and Treasurer of 
the Association, the officers of the preceding year, the perma- 
nent Chairman of the Sectional Committees, after these shall 
have been organized, and six members present from the Asso- 
ciation at large, who shall have attended any of the previous 
meetings, to be elected upon open nomination by ballot on the 
first assembling of the Association. A majority of the whole 
number of votes cast, to elect. The General Secretary shall 
be Secretary of tJie Standing Committee. 

The duties of the Standing Committee shall be, — 

1. To assign papers to the respective sections. 

2. To arrange the scientific business of the general meet- 
ings, to suggest topics, and arrange the progran&mes for the 
evening meetings. 

8. To suggest to the Association the place and time of the 
next meeting. * 

4. To examine, and, if necessary, to exclude papers. 

5. To suggest to the Association subjects for scientific re- 
ports and researches. 

6. To appoint the Local Committee. 

7. To have the general direction of publications. 

8. To manage any other general business of the Association 
during the session, and during the interval between it and the 
next meeting. 

9. In conjunction with four from each Section, to be elected 
by the Sections for the purpose, to make nominations of 
officers of the Association for the following meeting. 

10. To nominate persons for admission to membership. 

11. Before adjourning, to decide which papers, discussions, 
or other proceedings shall be published. 
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OF THE ASSOCIATION. XVU 

SECTIONS. 

Rule 5. The Association shall be divided into two Sections, 
and as many sub-sections as may be necessary for the scientific 
business, the manner of division to be determined by the 
Standing Committee of the Association. The two Sections 
may meet as one. 

SKCnONAL OFFICERS AND COMMITTEES. 

Rule 6. On the first assembling of the Section, the mem- 
bers shall elect upon open nomination a permanent Chairman 
and Secretary, also three other members, to constitute, with 
these ofiScers, a Sectional Committee. 

The Section shall appoint, from day to day, a Chairman to 
preside over its meetings. 

Rule 7. It shall be the duty of the Sectional Conmiittee of 
each Section to arrange and direct the proceedings in their 
Section ; to ascertain what communications are offered ; to 
assign the order in which these communications shall appear, 
and the amount of time which each shall occupy. 

The Sectional Committees may likewise recommend subjects 
for systematic investigation by members willing to undertake 
the researches, and to present their results at the next meeting. 

The Sectional Committee may likewise recommend reports 
on particular topics and departments of science, to be drawn 
up as occasion permits, by competent persons, and presented 
at subsequent iheetings. 

REPORTS OF PROCEEDINGS. 

Rule 8. Whenever practicable the proceedings shall be re- 
ported by professional reporters, or stenographers, whose 
reports are to be revised by the Secretaries before they appear 
in print. 

PAPERS AND COMMUNICATIONS. 

Rule 9. No paper shall be placed in the programme, unless 
admitted by the Sectional Committee ; nor shall any be read, 
unless an abstract of it has been previously presented to the 
Secretary of the Section, who shall furnish to the Chairman 
the titles of papers, of which abstracts have been received. 
A.A.A.s. voL.xvm. g 
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XViii CONSTITUTION 

Rule 10. The author of any paper or commnni'cation shall 
be at liberty to retain his right of property therein, provided 
he declare such to be his wish before presenting it to the 
Association. 

Rule 11. Copies of all communications, made either to the 
General Association or to the Sections, must be furnished by 
the authors ; otherwise only the titles, or abstracts, shall ap- 
pear in the published proceedings. 

Rule 12. All papers, either at the general or in the sec- 
tional meetings, shall be read, as far as practicable, in the 
order in which they are entered upon the books of the Associa- 
tion ; except that those which may be entered by a member of 
the Standing Committee of the Association shall be liable to 
postponement by the proper Sectional Committee. 

Rule 13. If any communication be not ready at the as- 
signed time, it shall be dropped to the bottom of the list, and 
shall not be entitled to take precedence of any subsequent 
communication. 

Rule 14. No exchanges shall be made between members 
without authority of the respective Sectional Committees. 

GENERAL AND BVENINO MKBTINOS. 

Rule 15. The Standing Committee shall appoint any gen- 
eral meeting which the objects and interests of the Association 
may call for, and the evenings shall, as a rule, be reserved for 
general meetings of the Association. 

These general meetings may, when convened for that pur- 
pose, give their attention to any topics of science which would 
otherwise come before the Sections. 

It shall' be a part of the business of these general meetings 
to receive the Address of the President of the last meeting ; 
to hear such reports on scientific subjects as, from their general 
importance and interests, the Standing Committee shall select ; 
also, to receive from the Chairman of the Sections abstracts of 
the proceedings of their respective Sections ; and to listen to 
communications and lectures explanatory of new and import- 
ant discoveries and researches in science, and new inventions 
and processes in the arts. 



Digitized by 



Google 



OF THE ASSOCIATION. XIX 

ORDER OF PROCEEDINGS IN ORGANIZING A MEETING. 

Rule 16. The Association shall be called to order by the 
President of the preceding meeting ; and this officer having 
resigned the chair to the President elect, the General Secretary 
shall then report the number of papers relating to each depart- 
ment which have been registered, and the Association consider 
the most eligible distribution into Sections, when it shall pro- 
ceed to the election of the additional members of the Standing 
Committee in the maimer before described ; the meeting shall 
then adjourn, and the Standing Committee, having divided the 
Association into sections as directed, shall allot to each its 
place of meeting for the Session. The Sections shall then 
organize by electing their officers and their representatives in 
the Nominating Committee, and shall proceed to business. 

PERMANENT SECRETARY. 

Rule 17. It shall be the duty of the Permanent Secretary 
to notify members who are in arrears, to provide the necessary 
stationery iEind suitable books for the list of members and titles 
of papers, minutes of the general and sectional meetings, and 
for other purposes indicated in the rules, and to execute such 
other duties as may be directed by the Standing Committee or 
by the Association. 

The Permanent Secretary shall make a report annually to the 
Standing Committee, at its first meeting, to be laid before the 
Association, of the business of which he has had charge since 
its last meeting. 

All members are particularly desired to forward to the Per- 
manent Secretary, so as to be received before the day appointed 
for the Association to convene, complete titles of all the papers 
which they expect to present during its meeting, with an esti- 
mate of the time required for reading each, and such abstracts 
of their contents as may give a general idea of their nature. 

Whenever the Permanent Secretary notices any error of fact 
or unnecessary repetition, or any other important defect in the 
papers communicated for publication in the proceedings of the 
Association, he is authorized to commit the same to the author, 
or to the proper subcommittee of the Standing Committee for 
correction. 
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XX CONSTmiTION OF THE ASSOCIATION. 

LOCAL COmOTTEB. 

Rule 18. The Local Committee shall be appointed from 
among members residing at, or near, the place of meeting for 
the ensuing year ; and it shall be the duty of the Local Com- 
mittee, assisted by the officers, to make arrangements and the 
necessary announcements for the meeting. 

The Secretary of the Local Committee shall issue a circular 
in regard to the time and place of meetings, and other particu- 
lars, at least one month before each meeting. 

SUBSCRIPTIONS. 

Bulb 19. The amount of the subscription, at each meeting, 
of each member of the Association, shall be two dollars, and 
one dollar in addition shall entitle him to a copy of the pro- 
ceedDigs of the annual meeting. These subscriptions shall be 
received by the Permanent Secretary, who shall pay them over, 
after the meeting, to the Treasurer. 

The admission fee of new members shall be five dollars, in 
addition to the annual subscription: and no person shall be 
considered a member of the Association until this admission 
fee and the subscription for the meeting at which he is elected 
have been paid. 

Rule 20. The names of all persons two years in arrears for 
annual dues shall be erased from the list of members ; provided 
that two notices of indebtedness, at an interval of at least 
three months, shall have been previously given. 

accounts. 
Rule 21. The accounts of the Association shall be audited, 
annually, by auditors appointed at each meeting. 

ALTERATIONS OV THB CONSTTTUTION. 

Rule 22. No article of this Constitution shall be altered,* or 

amended, or set aside, without the concurrence of three-fourths 

of the members present, and unless notice of the proposed 

change shall have been given at the preceding annual meeting.* 

• * See page xxli. 
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RESOLUTIONS 

OV A PERMANENT AND FBOSPBCnyE CHARACTER, ADOPTED 
AUGUST 19, 1857. 



1. No appointment may be made in behalf of the Associa- 
tion, and no invitation given or accepted, except by vote of the 
Association or its Standing Committee. 

2. The General Secretary shall transmit to the Permanent 
Secretary for the files, within two weeks after the adjournment 
of every meeting, a record of the proceedings of the Associa- 
tion and the votes of the Standing Committee. He shall also, 
daily, during the meetings, provide the Chairman of the two 
Sectional Committees with lists of the papers assigned to their 
Sections by the Standing Committee. 

8. All printing for the Association shall be superintended 
by the Permanent Secretary, who is authorized to employ a 
clerk for that especial purpose. 

4. The Permanent Secretary is authorized to put the pro- 
ceedings of the meeting to press one month after the adjourn- 
ment of the Association. Papers which have not been received 
at that time may be published only by title. No notice of 
articles not approved shall be taken in the published proceed- 
ings. 

5. The Permanent Chairman of the Sections are to be con- 
sidered their organs of communication with the Standing Com- 
mittee. 

6. It shall be the duty of the Secretaries of the two Sections 
to receive copies of the papers read in their Sections, all sub- 
sections included, and to furnish them to the Permanent 
Secretary at the close of the meeting. 

7. The Sectional Committees shall meet not later than 9 
A.M. daily, during the meetings -of the Association, to arrange 
the programmes of their respective sections, including all sub- 

(xxl) 
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XXU PERMANENT BESOLUTIONS. 

sections, for the following day. No paper shall be placed upon 
these programmes which shall not have been assigned to the 
Section by the Standing Committee. The programmes are to 
be famished to the Permanent Secretary not later than 11 a.v. 

8. During the meetings of the Association, the Standing 
Committee shall meet daily, Sundays excepted, at 9 a.m., and 
the Sections be called to order at 10 a.m., unless otherwise 
ordered. The Standing Committee shall also meet on the 
evening preceding the first assembling of the Association at 
each annual meeting, to arrange for the business of the first 
day ; and on this occasion three shall form a quorum. 

9. Associate members may be admitted for one, two, or 
three years as they shall choose at the time of admission, — to 
be elected in the same way as permanent members, and to pay 
the same dues. They shall have all the social and scientific 
privileges of members, without taking part in the business. . 

10. No member may take part in the organization and busi- 
ness arrangement of both the Sections. 



It has been proposed to amend Rule 6 of the Constltatlon, by inBerting befbre 
the last section the following : *' When not otherwise ordered, the sub-sections shaU 
be as follows : 

Section A. — l. Mathematics and Astronomy; 2. Physics and Chemistry; 8. 
Microscopy. 

Section B.— 1. Zoology and Botany; 2. Geology and Paleontology; 8. Eth- 
nology and Archaology.'' 
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MEMBERS 

OP THE 

AMERICAN ASSOCIATION 

FOB THE 

ADVANCEMENT OF SCIENCE. 



A- 

Abbe, Cleveland, Cincinnati, Ohio (16). 
* Adams, C. B., Amherst, Massachusetts (1). 

Adelberg, Justus, New York, New York (16). 

Agassiz, Louis, Cambridge, Massachusetts (1). 

Aiken, W. E. A., Baltimore, Maryland (12). 

Albert, Augustus J., Baltimore, Maryland (12). 

Allen, Zachariah, Providence, Rhode Island (1). 

Alvord, Benjamin, Omaha, Nebraska (17). 
*Ames, M. P., Springfield, Massachusetts (1). 

Andrews, Ebenezer, Chicago, Illinois (17). 

Andrews, Edmund, Chicago, Illinois (17). 

Andrews, E. B., Marietta, Ohio (7). 

Andrews, Joseph H., Chicago, Illinois (17). 

Angell, James B., Burlington, Vermont (16). 
*Appleton, Nathan, Boston, Massachusetts (1). 

Atwater, Elizabeth E., Chicago, Illinois (17). 

Atwater, Samuel T., Chicago, Illinois (17). 

B. 

Babcock, Henry H., Chicago, Illinois (17). 
♦Bache, Alexander D., Washington, District of Columbia (1). 

Bacon, John, Jr., Boston, Massachusetts (1). 
♦Bailey, J. W., West Point, New York (1). 

Baird, Lyman, Chicago, Illinois (17). 

Baird, S. F., Washington, District of Columbia (1). 

NoTE.—Names of deceased members are marked with an asterisk [*]. The 
figure at the end of each name refers to the meeting at which the elections took 
place. 

(xxiii) 
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Bannister, Henry M., Evanston, lUlnoLs (17). 

Bardwell, F. W., Jacksonville, Florida (13). 

Barker, G. F., New Haven, Connecticut (13). 

Barnard, F. A. P., New York, New York (7). 

Barnard, J. G., Washington, District of Columbia (14). 

Basnett, Thomas, Ottawa, Hlinols (8). 

Batchclder, J. M., Cambridge, Massachusetts (8). 

Beaty, John F., Chicago, Hlinois (17). 
♦Beck, C. F., Philadelphia, Pennsylvania (1). 
♦Beck, Lewis C, New Brunswick, New Jersey (1). 
♦Beck, T. Romeyn, Albany, New York (1). 

Beebe, G. D., Chicago, Illinois (17). 
♦Bell, Samuel N., Manchester, New Hampshire (7). 

Benedict, G. W., Burlington, Vermont (16). 

Bickmore, Albert 8., New York, New York (17). 

Blgelow, George H., Burlington, Vermont (16). 

Bill, Charles, Chicago, Hlinols (17). 
♦Blnney, Amos, Boston, Massachusetts (1). 
♦Binney, John, Boston, Massachusetts (3). 

Blake, Ell W., Ithaca, New York (16). 

Blake, Eli W., New Haven, Connecticut (1). 

Blake, W. P., San Francisco, California (2). 
♦Blanding, William, Rhode Island (1). 

Blaney, J. Van Zandt, Chicago, Illinois (12). 

Blatchford, Ellphalet W., Chicago, Illinois (17). 

Bolles, E. C, Brooklyn, New York (17). 

Bolton, H. C, New York, New York (17); 
♦Bomford, George, Washington^ District of Columbia (1). 

Bouv6, Thomas T., Boston, Massachusetts (1). 

Bowdltch, Henry I., Boston, Massachusetts (2). 

Bowen, Chauncey W., Chicago, Illinois (17). 

Bradley, Francis, Chicago, lUlhols (17). 

Bradley, L., Jersey City, New Jersey (16). 

Brevoort, J. Carson, Brooklyn, New York (1). 

Briggs, A. D., Springfield, Massachusetts (13). 

Brlggs, S. A., Chicago, Illinois (17). 

Bross, William, Chicago, Illinois (7). 

Brown, Robert, Jr., Cincinnati, Ohio (11). 

Brush, George J., New Haven, Connecticut (II). 

Bryan, Thomas B., Chicago, Illinois (17). 

Buchanan, Robert, Cincinnati, Ohio (2). 
♦Burnap, G. W., Baltimore, Maryland (12). 
♦Burnett, Waldo I., Boston, Massachusetts (1). 

Burroughs, J. C, Chicago, Illinois (17). 

Bushee, James, Worcester, Massachusetts (9). 

Butler, Thomas B., Norwalk, Connecticut (10). 
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Calhouii, John B., Chicago, Illinois (17). . 

Canby, William M., WUmington, Delaware (17). 
♦Carpenter, Thornton, Camden, South Carolina (7). 
♦Carpenter, William M., New Orleans, Louisiana (1). 

Carter, Asher, Chicago, Illinois (17) 

Case, Leonard, Cleveland, Ohio (15). 

Case, L. B., Richmond, Indiana (17). 
♦Case, William, Cleveland, Ohio (6). 

Cassels, J. L., Cleveland, Ohio (7). 

Caswell, Alexis, Providence, Rhode Island (2). 

Cattell, William C, Easton, Pennsylvania (15). 

Chadboum, P. A., Madison, Wisconsin (10). 

Chanute, O., Kansas City, Kansas (17). 

Chapman, F. M., Chicago, Illinois (17). 
♦Chapman, N., Philadelphia, Pennsylvania (1). 

Chase, George I., Providence, Rhode Island (1). 
♦Chase, St, Dartmouth, New Hampshire (2). 

Chauvenet, William, St. Louis, Missouri (1). 

Chesbrough, E. S., Chicago, Illinois (2). 
Chittenden, L. E., New York, New York (1*). 
♦Clapp, Asahel, New Albany, Indiana (1). 

Clark, John E., Yellow Springs, Ohio (17). 
♦Clark, Joseph, Cincinnati, Ohio (5). 
♦Cleveland, A. B., Cambridge, Massachusetts (2). 
Cochran, D. H., Brooklyn, New York (15). 
Coffin, James H., Easton, Pennsylvania (1). 
Coffin, John H. C, Washington, District of Columbia (1). 
Colbert, E., Chicago, Dlinois (17). 
♦Cole, Thomas, Salem, Massachusetts (1). 
♦Coleman, Henry, Boston, Massachusetts (1). 
Conant, Marshall, Northampton, Massachusetts (7). 
Conkling, Frederick A., New York, New York (11). 
Cope, Edward D., Philadelphia, Pennsylvania (17). 
Copes, Joseph S., New Orleans, Louisiana (11). 
Coming, Erastus, Albany, New York (6). 
Craig, B. F., Washington, District of Columbia (15). 
Cramp, J. M., Acadia CoU^e, Nova Scotia (11). 
Crosby, Alpheus, Salem, Massachusetts (10). 
Culver, Howard Z., Chicago, Illinois (17). 
Cummings, Joseph, Middletown, Connecticut (13). 
Cutting, Hiram A., Lunenburg, Vermont (17). 

D. 

Daliymple, E. A., Baltimore, Maryland (11). 

A. A. A. S. VOL. XVm. D 
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Danft, James D., New Haven, Connecticut (1). 

Banforth, Edward, Troy, New York (11). 

Daris, James, Boston, Massachusetts (1). 

Davis, N. S., Chicago, Illinois (17). 

Dawson, J. W., Montreal, Canada (10). 
*Dean, Amos, Albany, New York (6). 

Dean, George W., Fall Biver, Massachusetts (15). 
♦Dearborn, George H. A. S., Boxbnry, Massachusetts (1). * 
♦Dekay, James E., New York, New York (1). 

Delano, B. L., Boston, Massachusetts (16). 

Delano, Joseph C, New Bedford, Massachusetts (5). 

* Dewey, Chester, Rochester, New York (1). 
Dexter, G. M., Boston, Massachusetts (11). 
Dinwiddle, Robert, New York, New York (1). 
Dixwell, Eps S., Cambridge, Massachusetts (I). 
Doggett, Kate N., Chicago, Dlinois (17). 
Doggett, William E., Chicago, Illinois (17). 
Dorr, E. P., Buffalo, New York (16). 

Downes, John, Washington, District of Columbia (fO). 

Drowne, Charles, Troy, New York (6). 
♦Ducatel, J. T., Baltimore, Maryland (1). 
*Dumont, A. H., Newport, Rhode Island (U). 

* Duncan, Lucius C, New Orleans, Louisiana (10). 
Duncan, T. C, Chicago, Illinois (17). 

*Dunn, R. P., Providence, Rhode Island (14). 
Dyer, Elisha, Providence, Rhode Island (9). 

E. 

Easton, Norman, Fall River, Massachusetts (14). 
Eaton, Daniel C, New Haven, Connecticut (13). 
Eaton, James H., Amherst, Massachusetts (17). 
Edwards, J. B., Montreal, Canada (17). 
Eimbeck, William, St. Louis, Missouri (17). 
Eliot, Charles W., Boston, Massachusetts (14). 
Elliott, Ezekiel B., Washington, District of Columbia (10). 
Elwyn, Alfred L., Philadelphia, Pennsylvania (1.) 
Emerson, George B., Boston, Massachusetts (1). 
Englemann, George, St. Louis, Missouri (1). 
Engstrom, A. B., Burlington, New Jersey (1). 
Eustls, Henry L., Cambridge, Massachusetts (2). . 

* Everett, Edward, Boston, Massachusetts (2). 

F. 

Fairbanks, Henry, Hanover, New Hampshire (14). 
Farmer, Moses G., Salem, Massachusetts (9). 
Farnham, Thomas, BuflTalo, New York (15). 
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Farrar, Henry W., Chicago, Illinois (17). 

Ferreli, William, Nashville, Tennessee (11). 

Ferris, Isaac, New York, New York (6). 

Feuchtwanger, Louis, New York, New York (11). 

FUlmore, Millard, Buflfalo, New York (7). 

Fisher, Davenport, Milwaukie, Wisconsin (17). 

Fisher, Mark, Trenton, New Jersey (10). 
* Fitch, Alexander, Hartford, Connecticut (1). 

Fitch, Edward H., Ashtabula, Ohio (11).* 

Fitch, O. H., Ashtabula, Ohio (7). 
♦Forbush, E. B.,Buflaao, New York (16). . 

Foster, Henry, Clifton, New York (17). 

Foster, John, Schenectady, New York (17). 

Foster, J. W., Chicago, Illinois (1). 
*Fox, Charles, Grosse Isle, Michigan (7). 

Frothingham, Frederick, BufOsdo, New York (11). . 

G. 

*6ay, Martin, Boston, Massachusetts (1). ^ 

Gibbon, J. H., Charlotte, North Carolina (3). 

Gibbs, Wolcott, Cambridge, Massachusetts (1). 

Gill, Theodore, Washington, District of Columbia (17). 
♦Gillespie, W. M., Schenectady, New York (10). 

Oilman, Daniel C, New Haven, Connecticut (10). 
♦Gilmor, Bobert, Baltimore, Maryland (1). 

Glynn, James, Geneva, New York (1). 

Gold, Theodore S., West Cornwall, Connecticut (4). 
♦Gould, Augustus A., Boston, Massachusetts (11). 
♦Gould, B. A., Boston, Massachusetts (2). 

Gould, B. A., Cambridge, Massachusetts (2). 
♦Graham, James D., Washington, District of Columbia (1). 

Gray, As|i, Cambridge, Massachusetts (1). 
♦Gray, James H., Springfield, Massachusetts (6). 

Greeley, Samuel S., Chicago, Illinois (17). 

Green, Traill, Easton, Pennsylvania (1). 
♦Greene, Bei^jamin D., Boston, Massachusetts (1). 

Greene, Dascom, Troy, New York (17). 

Greene, Francis C, Easthampton, Massachusetts (11). 
♦Griffith, Robert E., Philadelphia, Pennsylvania (1). 

Grimes, J. Sj, New York, New York (17). 

Grinnan, A. G., Orange Court House, Virginia .(7). 

Grover, Z., Chicago, Illinois (17). 

Guyot, Arnold, Princeton, New Jersey (1). 

H. 

♦Hackley, Charles W., New York, New York (4). 
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Hadley, George, BofQdo, New York (6). 

Hager, Hermann A., Cambridge, Massachusetts (17). 

Haldeman, S. S., Columbia, Pennsylvania (1). 

Hale, Edwin M., Chicago, lUinois (17). 
*Hale, Enoch, Boston, Massachusetts (1). 

Hall, James, Albany, New York (1). 

Hall, N. K., BuflWo, New York (7). 

Hamlin, A. C, Bangor, Maine (10). 

Hance, Ebenezer, Morrisville, Pennsylvania (7). 

Hanover, M. D., Cincinnati, Ohio (18). 
*Hare, Robert, Philadelphia, Pennsylvania (11). 

* Harlan, Joseph G., Haverford, Pennsylvania (8). 

* Harlan, Richard, Philadelphia, Pennsylvania (1). 

* Harris, Thaddeus W., Cambridge, Massachusetts (1). 
Harrison, B. P., Wallingford, Connecticut (11). 

*Hart, Simeon, Farmlngton, Connecticut (1). 

Hartshome, Henry, Philadelphia, Pennsylvania (12). 

Haven, Joseph, Chicago, Hlinois (17). 

Hawkins, B. W., New York, New York (17). 
*Hayden, H. H., Baltimore, Maryland (1). 

Hayes, George £., Bufliedo, New York (15). 
*Hayward, James, B6ston, B£assachusetts (1). 

Henry; Joseph, Washington, District of Columbia (1). 

Herzer, W., Columbus, Ohio (15). 

Hickcox, S. V. R., Chicago, HUnois (17). 

Hickok, W. C, Burlington, Vermont (16). 

Hilgard, Eugene W., Oxford, Mississippi (11). 

Hilgard, Julius E., Washington, District of Columbia (4). 

Hilgard, Theodore C, St. Louis, Missouri (17). 

Hill, S. W., Hancock, Lake Superior (6). 

Hill, Thomas, Waltham, Massachusetts (8). 

Hinrichs, Gustavus, Iowa City, Iowa (17). 

Hitt, Isaac R., Chicago, Illinois (17). 

EUtchcock, Charles H., Hanover, New Hampshire (11). 

* Hitchcock, Edward, Amherst, Massachusetts (1). 
Hitchcock, Edward, Amherst, Massachusetts (4). 
Hoadley, E. S., Springfield, Massachusetts (18). 
Holbrook, J. E., Charleston, South Carolina (1). 
Holmes, E. L., Chicago, Illinois (17). 
Holmes, Henry A., Albany, New York (11). 
Horsford, E. N.., Cambridge, Massachusetts (1). 

♦florton, wmiam, CraigviUe, New York (1). 
, Hough, Franklin B., Lowville, New York (4). 
Hough, G. W., Albany, New York (16). 

* Houghton, Douglas, Detroit, Michigan (1). 
Howell, Robert, Nichols, New York (6). 
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Hoy, Phllo B., Racine, Wisconsin (17). 

Hubbard, Gurdon S., Chicago, IlUnois (17). 

Hubbard, Oliver P., Hanover, New Hampshire (1). 

Hubbard, Sara A., Kalamazoo, Michigan (17). 
*Hubbert, James, Richmond, Province of Quebec (16). 

Hungerford, Edward, Burlington, Vermont (10). 

Hunt, Charles S., New York, New York (17). 
*Hunt, E. B., Washington, District of Columbia (2). 
*Hunt, Freeman, New York, New York (11). 

Hunt, George, Providence, Rhode Island (9). 

Hunt, T. Sterry, Montreal, Canada (1). 

Hyatt, James, Bangall, New York (10). 

I. 

♦Ives, Thomas P., PrcfVidence, Rhode Island (10). 

J. 

Jenks, J. W. P., Mlddleboro', Massachusetts (2). 

Jillson, B. C, Nashville, Tennessee (14). 
♦Johnson, W. R., Washington, District of Columbia (1). 

Johnston, John, Middletown, Connecticut (1). 
♦Jones, Catesby A. R., Washington, District of Columbia (8). 

Joy, C. A., New York, New York (8). 

Judd, Orange, New York, New York (4). 

K. 

Kedzie, J. H., Chicago, lUinois (17). 
Keely, G. W., WatervUle, Maine (1). 
Keep, N. C, Boston, Massachusetts (18). 
Kerr, W. C, Raleigh, North Carolina (10). 
KimbaU, J. P., New York, New York (16). 
King, Mary B. A., Rochester, New York (16). 
Kirkpatrick, James A., Philadelphia, Pennsylvania (7). 
Kirkwood, Daniel, Canonsburg, Pennsylvania (7). 
Kite, Thomas, Cincinnati, Ohio (5). 
Klippart, John H., Columbus, Ohio (17). 
Knickerbocker, Charles, Chicago, Illinois (17). 



Lapham, Increase A., Milwaukee, Wisconsin (3). 
♦Lasel, Edward, WiUiamstown, Massachusetts (1). 
Lattimore, S. A., Rochester, New York (16). 
Lawrence, George N., New York, New York (7). 
Lea, Isaac, Philadelphia, Pennsylvania (1). 
Leakin, George A., Baltimore, Maryland (17). * 
LeConte, John L., Philadelphia, Pennsylvania (1). 
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*Lederer, Baron tod, Washington, District of Colnmbia (1). 

Lesley, Joseph, Jr., Philadelphia, Pennsylvaniii (8). 

Lesley, J. P., Philadelphia, Pennsylyania (2). 

Letchworth, William P., Portage, New York (16). 
*Lieber, Oscar M., Columbia, South Carolina (8). 
*Lincklaen, Ledyard, Cazenovla, New York (1) 

Lincoln, Robert T., Chicago, Illinois (17). 

Lindsley, J. B., Nashville, Tennessee (Jl). 
*Linsley, James H., Stafford, Connecticut (1). 

Little, George, Oxford, Mississippi (15). 

Locke, Luther F., Nashua, New Hampshire (7). 

Logan, William £., Montreal, Canada (1). 

Lombard, Benjamin, Chicago, Illinois (17). 

Loomis, Ellas, New Haven, Connecticut (1). 

Loosey, Charles P., New York, New Yol-k (12). 
*Lothrop, Joshua B., Buffalo, New York (15). 

Loverlng, Joseph, Cambridge, Massachusetts (2). 

Lunn, William, Montreal, Canada (11). 

Lupton, N. T., Greensboro, Alabama (17). 

Lyman, B. S., Philadelphia, Pennsylvania (16). 

Lyman, Chester S., New Haven, Connecticut (14). 

Lyman, Henry M., Chicago, Illinois (17). 

Lynch, P. N., Charleston, South Carolina (2). 

M. 

♦M'Conihe, Isaac, Troy, New York (4). 

McCagg, Ezra B., Chicago, Illinois (17). 

McMurtrie, Horace, Boston, Massachusetts (17). 

McRae, John, Camden, South Carolina (3). 

Marcy, Oliver, Evanston, Illinois (10). 
* Marsh, Dexter, Greenfield, Massachusetts (1). 

Marsh, H. H., Chicago, Illinois (17). 

Marsh, O. C, New Haven, Connecticut (15). 

Marshall, Charles D., Buffalo, New York (16). 

Marshall, Orasmus H., Buffalo, New York (15). 
♦Mather, William W., Columbus, Ohio (1). 

Mauran, J., Providence, Rhode Island (2). 

Mayhew, D. P., YpsUantl, Michigan (13). 

Maynard, Alleyne, Cleveland, Ohio (7). 

Meade, George G., Philadelphia, Pennsylvania (15). 

Means, A., Oxford, Georgia (5). 

Mcehan, Thomas, Germantown, Pennsylvania (17). 

Meek, F. B., Washington, District of Columbia (6). 
. Meigs, James A., Philadelphia, Pennsylvania (12) 

Miles, Henry fc., Quebec, Canada East (11). 

Miller, Samuel, New Haven, Connecticut (14). 
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Mlnifle, William, Baltimore, Maryland (12). 
Mitchell, Maria, Foughkeepsie, New York (4). 
Mitchell, William H., Florence, Alabama (17). 
Morgan, Lewis H., Rochester, New York (10). 
Morris, John G., Baltimore, Maryland (12). 

* Morton, S. G., Philadelphia, Pennsylvania (1). 
Murray, David, New Brunswick, New Jersey (11). 

' ' .N. 

Nason, Henry B., Troy, New York (18). 

Nelson, Cleland K., Annapolis, Maryland (12). 

Newberry, J. S., New York, New York (5). 

Newcomb, Simon, Washington, District of Columl)ia (13). 

* Newton, E. H., Cambridge, New York (1). 
Newton, Hubert A., New Haven, Connecticut (6). 
Nichols, Charles A., Providence, Bhode Island (17;. 

♦NicoUett, J. N., Washington, District of Columbia (1). 

Niles, W. H., Cambridge, Massachusetts (16). 
*Norton, J. P., New Haven, Connecticut (1). 

Norton, W. A., New Haven, Connecticut (6). 

o. 

*Oakes, William, Ipswich, Massachusetts (1). 
Ogden, Mahlon D., Chicago, Illinois (17). 
Ogden, W. B., Chicago, Illinois (17). 
Oliver, James Edward, New York, New York (7). 

* Olmsted, Alexander F,, New Haven, Connecticut (4). 
♦Olmsted, Denison, New Haven, Connecticut (1). 
♦Olmsted, Denison, Jr., New Haven, Connecticut (1). 

Ordway, John M., Jamaica Plain, Massachusetts (9). 
Osten Sacken, Baron R. von, New York, New York (10). 



Packard, A. S., Jr., Salem, Massachusetts (16). 
Page, Peter, Chicago, Illinois (17). 
Paine, Cyrus F., Rochester, New York (12). 
Painter, Minshall, Lima, Pennsylvania (7). 
♦Parkman, Samuel, Boston, Massachusetts (1). 
Parmelee, Dubois D., New York, New York (16). 
Parry, Charles C, Washington, District of Columbia (6). 
Peabody, S. H., Chicago, Illinois (17). 
Peck, Edward W., Burlington, Vermont (16). 
Peirce, Benjamin, Cambridge, Massachusetts (1). 
Perkins, George H., Providence, Rhode Island (17). 
Perkins, George R., Utica, New York (1). 
Perkins, Maurice, Schenectady, New York (16). 
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BENJAMIN APTHOBP GOULD, 

XX-PBESmSNT OF THK AflSOCIATIQN. 



Mb. Pbbsident and Gbntlkken or thb Amekioak Asdo- 

.CIATIOK FOB THB AdYANCEICENT Of SCIENCB. 

The usage, and even the flmdamental Uw, of this Assooiar 
Hon entail upon its retiring President a dnty which he may not 
evade : that of delivering at the meeting following his term of 
official service, a formal address. Althoagh the fVilfilment of 
this duty is but a very inadequate return for the honor which 
your partiality has conferred upon him, still it is not without 
its embarrassments, not the least of which is the apprehension 
of comparison with the utterances on previous occamons by 
great and honored philosophers who have presided over your 
meetings. Many of their words wctc spoken for the children's 
children of those who listened. Beaching the very souls of 
those who heard at the moment, they became there endowed 
with new life and energy, each recipient becoming a center of 
emanation for what in them was true and important; while 
they survive upon the printed page for transmission in letter 
as well as spirit to unborn generations. 

Would that I could offer such precious thoughts or incentives 
for your acceptance. How can I presume to speak as a suc- 
cessor of Bache, Henry, Agassiz and the other great investiga- 
tors to whom in turn you liave confided the guidance of the 
Association. Yet as their follower, in anollier sense, I may 
address you, for I believe that the few ideas which I propose 
laying before you would find with tliem approval and indorse- 
ment. 

A. A. A. s. VOL. xvm. 1 



Digitized by 



Google 



2 ADDRBSS or EX-PBX8IDEMT GOULD. 

With your permission I will speak of the position of the 
scientific investigator in the community ; of the duties incum- 
bent upon him, and of what he may rightftilly expect in return, 
under the present relations of civilized and educated communi- 
ties; of the peculiar opportunities and restrictions in the 
United States today; of the obstacles which beset the path 
of the laborer in scientific fields ; and of the results which he 
may be justified in anticipating as the reward of patient, un- 
faltering, conscientious effort in his high vocation. 

We are accustomed to regard ourselves as belonging to a 
new country, and to palliate in our own hearts, even if not 
openly, our intellectual short-comings and our deficiencies in 
learning or culture, by this plea. And Just as men who have 
attained eminence, notwithstanding an absence of early oppor- 
tunities, are often accustomed to glory in this want of advan- 
tages, as though it had been a merit rather than a misfortune, 
— judging themselves always by a relative, instead of an abso- 
lute, standard, — so we American lovers of science are too much 
inclined to take note of the difilculties against which we have 
struggled or are struggling, rather than of the actual level 
which we have attained by the effort. Of course there is much 
to extenuate in this proclivity ; how much, you all know. The 
want, until a recent date, of books of reference ; the want of 
access to shch implements of research as are beyond the reach 
of most private men ; the want of time and energy to spare 
fix)mthe grand ''struggle for existence;" and above all, the 
want of competent scientific counselers and guides for the be- 
ginner in scientific research; all these are well known to 
those of you who have attained an age at all approaching the 
meridian of life. Before the omniscient Judge, they will surely 
be credited to each individual in the great account. But if we 
consider not the individuals but the people, and hold the com- 
munity responsible for its collective failures, while we give it 
credit for its collective achievements, in the intellectual field, 
I am sometimes apprehensive that we are given to pluming 
ourselves too much, and to estimating our progress rather by 
the nimiber of obstacles which we know to have been sur- 
mounted, than by the mile-stones which have been left behind. 
Communities have merits and failings, as individuals have ; 
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they are but the integral of their many constituent individuals ; 
and among our national failings can scarcely be counted that 
of judging ourselves too harshly. Our aim should not be to 
overcome difficulties, except so far as this is a necessary means 
of advance; it is progress, toward which our efforts should 
be directed, and if the obstades are serious, we have, as a peo- 
ple, no right to credit merely for having surmounted them, 
provided we possess, and do not employ, the power to remove 
them. Can the intellectual standing and rank of a nation be 
fairly measured by the highest' achievements of its ablest and 
most devoted men, if so be that these men or their deeds are 
not the legitimate fruit of the tendencies and influences at 
work, but, on the contrary, are exceptional cases, which have 
maintained their existence and even blossomed out by virtue 
of the humanity that was in them, notwithstanding hindrances 
and discouragements? 

Two hundred and forty years have passed since our ances- 
tors sought the wooded hills, the sheltered valleys, and broad 
meadow lands which skirt the coast of Massachusetts Bay, and 
amid which we are assembled here. Less than forty miles £ix)m 
this spot, landed the stem pilgrims of Plymouth, eight years 
earlier. Ten or twelve years earlier still had been founded the 
English settlement at Jamestown ; but it haJB been the estab- 
lished verdict of history that from the region wHbre we now 
are, from within a circle not thirty miles in radius around 
yonder metropolis, may the spread of arts, letters and science 
be traced throughout this broad land. Within six years from 
the arrival of the first settlers of the Massachusetts Bay, they 
voted to establish a college, and appropriated therefore a sum 
^^ equal to a year's rate of the whole colony." In the ensuing 
year they changed the name of the town in which they placed 
it from Newton to Cambridge, ^' a grateAil tribute to the trans- 
Atlantio literary parent of many of the first emigrants, and 
indicative of the high destiny to which they intended the 
institution they were establishing should aspire." A single 
year later, John Harvard, a graduate of Emanuel College, 
Cambridge, bequeathed to the incipient university his library 
and one-half his fortune, amounting to nearly twice what the 
Colony had voted. "The example of Harvard," says Presi- 
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dent Quincy, ^^was like an electric apark, falling upon niate- 
rials of a synq>athetic nature, exciting immediate action and 
consentaneooa energy. The magistrates canght the spirit and 
led the way by a subscription among themselves of two hun- 
dred pounds, in books for the Ubraiy. The comparatiTely 
wealthy followed with gifts of twenty and thirty pounds. The 
needy multitade succeeded like the widow of old, ^ casting their 
mites into the treasury.'" 

These facts I recall to your memories, to show the length of 
time during which our national culture has been receiving 
shape and character. For two centuries and a third, at least, 
the characteristic, mental and intellectual tendencies of this 
people have been forming themselves. Our fathers brought 
with them such culture as the best seminaries of their native 
land could give ; they represented the best intellect of the sev- 
eral classes of the mother country. The professional, the 
titled, the mechanic and the agricultural classes of New-Eng- 
land were severally of an intellect and culture much above the 
average of the same classes in old England, whence they came. 
The standards of scholarship, of science and of art, which 
they brought across the seas, were the same which they left be- 
hind. For the inteUectual progress of the world since then, 
this conmmnity has owed its proportionate share, to be 
reckoned in*the joint ratio of its population and of its initial 
advantages. 

True, our people has had the forest, the desert and the red 
man to vanquish; it has had the social problems to solve, 
first of a protestant hierarchy, then of independence of all 
priestcraft, kingcraft and feudalism, and finally of equality be- 
fore the law, for all who wear the form of man and are created 
in the image of Grod. True, it has had its share of trials fh>m 
foes without and traitors within, and has had the strong bonds 
of hereditary political and intellectual dependence to burst. 
True, it has already given to the world many a masterwork, in 
the arts of peace and the arts of war ; the steamboat, the cotton- 
gin and the sewing machine ; the practical application of the 
electric telegraph, and the means of its printed record ; the 
most perfect forms yet attained for the steam-engine and the 
steam-boUer; the most powerlhl ordnance and the most im* 



Digitized 



by Google 



ADDBES8 OF EX-PBESn>ENT OOULD. 5 

pregnable vessels ; the telescopes of Clark and Fitz, the micro- 
scopes of Spencer and Tolles, and the means of annihilating 
pain. True, it has planted the stany flag upon the Antarctic 
continent and by the Polar sea, and has given to history many 
a name of the wise and good, whose blessed memory can never 
be hemmed in by oceans. Heaven forbid that any son of 
America should shut his eyes to these subjects of honest pride, 
or to a host of others like them, which I have no need to re- 
count ! K love of country be a virtue, assuredly it is not a 
difficult one for us to exercise. But what I would now say is, 
that, whatever may be the claims of our country to have done 
her part in the furtherance, of civilization so far as depends 
upon the solution of high political problems and upon advance- 
ment in the arts, her contributions to science have not kept 
pace with these ; nor indeed with those of several European 
nations, which have had to contend against obstacles quite 
comparable in magnitude with our own, even though of a to- 
tally diflTerent nature. France, torn asunder by firenzied con- 
vulsions and internal throes, such as no other civilized nation 
has ever been called on to endure, — (Germany, trampled under 
foot again and again by foreign invaders, civil strife and do- 
mestic oppression, — Russia, lately emerged from Asiatic bar- 
barism and contending at once against the Turk, the Tartar 
and the western foe, — have they not had their share of hind- 
rances to scientific progress, great even if inferior to those of- 
fered by the forest and the savage ? Yet it would ill beseem us 
to invite a comparison with them in any department of science, 
physical or natural. Equate out the names of a very few men 
on each side, wherever this seem possible, and what an over- 
whelming preponderance would then throw the Western scale 
alofb. 

"Two hundred and forty years," I hear some one say, 
"what are they in the development of a nation, or of its scien- 
tific character ? Twenty-five centuries have passed since Thales 
predicted an eclipse of the sun ; nineteen, since Sosigenes re- 
formed the calendar for Julius Caesar ; fourteen hundred years 
have rolled over the University of Bologna. What to you occi- 
dentals seems a hoaiy antiquity, is a mere yesterday for the 
dweller by the Tiber, the Thames, the Seine, the Danube or the 
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Rhine." Be it so I Tet Hans Lippersheim's first soggestion 
of a telescope was eighteen months after Newport had sailed 
up 'the James river with his infant colony. The idea of a loga- 
rithm was then not bom : Napier and Briggs were names un- 
known to fame. The oaks and beeches had been cleared fix)m 
these hills, and our ancestors had boilt their rustic homes, at 
the time when Galileo was tortored into abjuring the profane 
doctrine that the earth moved, and not the sun. When Har- 
vard endowed the college that bears his name, there was no 
such thing as a barometer or a thermometer. It is within these 
very two hundred and forty years that modem science has come 
into existence, and the world's intellect been turned fh>m spec- 
ulation to investigation. It is within this period that our im- 
plements of research have been devised, that the air-pump, 
the electrical machine and the clock have been invented, that 
every public chemical laboratory, every astronomical or physical 
observatory, and every academy of sciences has been founded. 
Boston had been settled when Eeppler died. The grandchild- 
ren of the original colonists of Plymouth and the Massachu- 
setts Bay were bom, when the law of universal gravitation 
was first proclaimed by Newton. 

Therefore it is that we must confess our scientific progress 
to have been far inferior to that of several European nations. 
And I fear that the confession might tmthfhlly be made much 
broader, and include our progress in all purely intellectual 
studies, which hold forth no promise of immediate utility in 
promoting physical well-being or material convenience. If this 
is trae, my friends, it is time that it should be so no longer. 
And before you, the declared lovers of science, — in this Asso- 
ciation formed to promote her welfare and advancement, — ^here 
in the earliest seat of that colony, whence has geographically 
radiated what of culture and of science our country has pos- 
sessed, — I would fain say some few words which, however 
crude or ill-arranged, might find a congenial soil within your 
hearts — to bear fhiit, perhaps, when all of us have disappeared 
from the stage — and which might aid, in however small a 
degree, to avert the day when the highest recognized aims 
shall be toward material prosperity, rather than toward intel- 
lectual development and progress. 
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There mast be in every community men specially endowed 
with scientific tastes and impulses. In most cases such innate 
tendencies accompany especial gifts in the same direction, and 
although in the infinitely varied scheme of nature, this is not 
always the case, yet the' exceptions are few, and the incentives 
to exertion, which such tastes supply, do much toward atoning 
for the lack of original power. Wherever positions of honor 
or emolument are available for the man of science, these be- 
come objects of ambition or of greed to another class of men 
who aspire to them as ends to be attained and not as means of 
scientific progress. It is to such that Schiller referred when 
he said of science, 

« Einem ist sie die hohe, die himnUlBche Gtfttiii ; dem andein 
Bine tttohtige Eah, die ihn mit Butter yenoigt." * 

Between these two classes it is impossible to draw a sharply 
defined line. They shade ipto one another by such impercep- 
tible gradations, that many a man might be unable, in his 
strictest communings with himself, to decide as to which he 
himself belonged. Then there is an intermediate class, whom 
circumstance guides into the scientific path and who are en- 
dowed with a versatility which enables them efl'ectively to fol- 
low out any career to which they earnestly devote themselves. 

Now the social problem here evidently is, so to order the in- 
fluences and attune the public sentiment in the community as 
to allow the ablest minds to labor in those fields for which they 
are best adapted, and to guide the most versatile, so far as 
possible, into such channels that their energies may promote 
the highest welfare of society. 

The magnitude of the class of scientific men in any commu- 
nity is clearly dependent, to a very great extent^ upon the 
intellectual condition of that community. Probably no civil- 
ized, society, totally devoid of a scientific element, ever did or 
ever will exist. In ancient Rome its amount appears to have 
been a minimum, yet in ancient Greece it was far otherwise ; 
whence we may infer that the fine arts and belles-leUres are in 
themselves neither conducive nor antagonistic to science, in 
any marked degree. At all times and places there have been 

*** She is the high, the heavenlf Goddess to one; to another 
But a convenient coW) that giyea him his batter and cheese." 
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some in whom the divine fire bomed ; and bo it doabtlesa erer 
will be. Such ooold no more be tamed from their high instinct 
to discover causes and laws, than the mountain torrent from its 
coarse toward the sea. Tet how few are these, althou^ they 
have never failed to pass the torch frt>m age to age I Even in 
the days of Boman dominion, Africa nursed the embers of 
the sacred flame; and swarthy Arabs and Moors, with here 
and there a silent monk, guarded it through the dark ages ; 
ages replete with classic lore, with wondrous art, with barbaric 
luxury, yet devoid of science, except in the secret guardian- 
ship of those who dared not betray their priceless yet myste- 
rious possession. 

To such men the civilization of today permits freedom of 
inquiry and of utterance, at least, and awards a certain modi- 
cum of public recognition and respect, limited, it is true, not by 
the good will of the community, but by its means of apprecia- 
ting the character and scope of their labors. These are the 
men, nevertheless, to whom indirectly the world owes its mate- 
rial progress, although the intermediate steps, between their 
researches and the ingenious inventions by which their results 
are practically utilized, are rarely traced^ even by those who 
reap the harvest. Yet it is not for the sake of material pro- 
gress that they have toiled ; this is simply the world's recom- 
pense for having harbored them. Sieves Tion vobis mdlificatis, 
aves. These are the men who toil on in their lofty studies, seek- 
ing the truth for its own sake, drawn as by some resistless 
magnetism, and working even better than they know. Poverty 
cannot suppress the instinct ; ridicule cannot prevent its exer- 
cise ; persecution cannot deter from the utterance of its results. 

This scanty class constitutes the minimum number of the 
followers of science for any community. The additional num- 
ber is greater or less according to the amount of personal 
sacrifice requisite for following the inborn impulse — since the 
intensity of this impulse varies in every degree, — or according 
to the temptations offered for joining the ranks of those who 
adopt science as a business. It is easy to see that there is 
danger to the intellectual progress of the community at each 
extreme. Where the votary of science must sacrifice all to 
follow her, her welfare is scarcely more imperiled than where 
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the guardianship of her interests, and the means of extending 
her domain, are confided to the hands of those who would make 
of her a servant, and not a sovereign. 

By an unhappy, though perhaps natural, mischance, the Eng- 
lish language has had no name for the scientific investigator, 
nor word to denote his calling. There is no nobler word 
than philosopher, — lover of knowledge; yet, in the score of 
centuries since this grand old word has been in use, its mean- 
ing, if not x>erverted, has at least been narrowed and distorted. 
The French expression, savant^ has sometimes been pressed 
into service by those who have felt the want of some appro- 
priate term ; but, without undertaking to criticise the aptness 
of this word, it is most certain that the time has come when 
our own language demands some name for the class of men 
who give their lives to scientific study. Therefore it was, that 
twenty years ago I ventured to propose one, which has been 
slowly finding its way to general adoption ; and the word scien- 
tisty though scarcely euphonious, has gradually assumed its 
place in our vocabulary. Philologically, it is subject to criti- 
cism, as being from a Latin root with a Greek termination ; 
but it may share this censure with many another word which 
has become an integral part of the language, and for a needM 
and helpfhl idea surely a poor word is better than no word at 
all. I will, therefore, not hesitate to employ it, and will briefiy 
consider the characteristics of the scientist, and his position in 
the community. 

It would be inappropriate here to undertake any philosophic 
discussion of the position which the scientist should occupy in 
an ideal or a well-ordered society, or of the duties imposed on 
him by his assumption of the priesthood, as an interpreter and 
expounder of the Divine word written upon the tablets of the 
material universe. Such course of inquiry would imply, as its 
basis, a determination of the reciprocal duties of all memberd 
of society, whatever their calling; and this involves, in its 
turn, the deepest questions of political economy and social 
philosophy. We must take certain principles for granted, and 
among them, this ; — that civilized society is an organic body, 
of which each member is, in spite of himself, dependent upon 
the rest, and exerts a corresponding influence in return. The 

A. A. A. S. VOL. XVm. S 
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many-sided cnltnre of a normal community is the resultant of 
the varied capacities, culture and efforts of numerous indi- 
viduals, no one of whom could attain the highest grade of 
usefldness in several diverse departments. It depends upon 
the relative number and variety of the ablest and most cul- 
tivated members, conjointly with the influence they exert. 
Human science and art have, in the progress of our race, 
advanced far beyond the comprehension of any individual. 
An equal culture in many directions is synonymous with su- 
perficiality in all, and an ^'admirable Crichton" is today 
simply a ridiculous object. We cannot well escape the conclu- 
sion liiat — BO far as is compatible with that general education, 
of physical and mental faculties and those general attain- 
ments which the welfare of others, as well as the amenities of 
society, require, and which are needfhl alike for the mental and 
moral health of the individual — the energies of each one should 
be consecrated to the development and employment of partic- 
ular capacities. No thoughtfol man can. arrive at years of 
discretion without becoming aware of the character and direc- 
tion of his mental powers, even though he may be incompetent 
properly to estimate their relative magnitude ; and there can 
be no reasonable doubt that taste and predilection would 
afford safe guides for the individual in entering upon his 
career, were the organism of society fairly developed without 
distortion by untoward agencies. 

Therefore, if the investigation of scientific questions and the 
discovery of scientific laws is needfbl or desirable for our race, 
it becomes the duty of every civilized community to encourage 
and protect the vocation of the scientist, and it is the duty of 
those who feel themselves called to this vocation to devote 
themselves to it with heart and hand. Their commission is 
from on high. " Freely ye have received, freely give. Pro- 
vide neither gold nor silver nor brass in your purses, nor scrip 
for your journey, neither two coats ; for the workman is wor- 
thy of his meat.** If the Creator designs that the race formed 
in his own image shall discern and comprehend the laws 
through which he has exerted his creative power ; if he means 
that his wondrous works shall be read by man, upon whom he 
has bestowed the means and the impulse to read them ; if he 
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chooses that oar higher edacities shall be cultivated in this 
world as well as our lower ones ; then does he also intend that 
a class of men shall exist and be maintained, laboring in 
behalf of all, and devoting their highest energies to intellect* 
ual conquests for the race through the study of his works and 
the interpretation of his laws. Is there any argument, of all 
those with which the world has been familiar for more than 
three thousand years in behalf of the sacred ministry of reli- 
gion, which is not applicable to the ministry of science? K 
the highest act of the human spirit be to attain to an intimate 
relation and communion with the Father of spirits, who shall 
dare discredit that other exalted duty of searching out God 
through his works, and learning him as he has seen fit to 
manifest himself to us directly. Unreasonable as it would be 
to maintain that the word of God, when filtered through many 
A human tradition and recollection, and translated from lan- 
guage to language after being recorded upon the manuscript, 
is more surely and emphatically his unperverted word than is 
that fresh from his own fingers, *' written all over the earth, 
written all over the sky ; ^ how much more so would it be to 
maintain, that the former, but not the latter, needs a body of 
investigators. Far be it from me to imply, however indirectly, 
that the reverse is true — that the culture of the intellect 
should take precedence of that of the religious faculties — that 
the most elevated regions of converse with the Deity as known 
through his noblest works, or his profoundest physical laws, 
could supersede the necessity of communing through the affec- 
tions and emotions, or the need of relief to the famishing cry 
of the soul for bread from its Father in Heaven. It might, 
perhaps, be urged that for the former a priesthood is, and for 
the latter it is not, indispensable; that for the former the 
progress of interpretation goes on continuously, while for the 
latter little remains to be done, other than the exposition and 
enforcement of what has akeady been attained; that the 
former must lead, while the latter is not unlikely to follow, the 
development of society. But there is no ground for compari- 
son disadvantageous to eith^ class. My argument is that 
they should stand alike. Both classes are needed to satisfy a 
dee^ and insatiable demand ; both are imbued with the instinct 
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to provide a supply. Nor are the abnegations and self-sacri- 
fioes by which the one has earned the martyr's crown in past 
days and lasting reverence in the present, without parallel 
and counterpart in the other. 

With what a spirit of gratefhl recognition of the Almighty's 
revelation to the scientist in these latter days, may we read the 
answer to Job out of the whirlwind I 

" Gird up thy loins now like a man, for I will demand of thee, and 
answer thou me. Where wast thou when I laid the foundations of 
the earth? Declare, if thou hast understanding. Who hath laid the 
measures thereof, if thou knowest ; or who hath stretched the line 
upon itf Whereupon are the foundations thereof listened, or who 
laid the comer-stone thereof, when the morning stars sang together, 

and all the sons of God shouted for Joy ? Hast thou entered into 

the springs of the sea, or hast thou walked in search of the depths ? 
Hast thou perceived the breadth of the earth? declare, if thou know- 
est it all. Where is the way where light dwelleth, and as for dark- 
ness, where Is the place thereof f Hast thou entered into the 

treasures of the snow, or hast thou seen the treasures of the hail? 
Knowest thou the ordinances of heaven? Canst thou set the domin- 
ion thereof in the earth ? Canst thou lift up thy voice unto the clouds 
that abundance of waters may cover thee ? Canst thoa send the light- 
nings, that they may go, and say unto thee, Here we are ? " 

Job answered and said : — 

'< Behold, I am vile, what shall I answer thee ? I will lay mine hand 
upon my mouth. Once have I spoken, but I wlU not answer; yea, 
twice, but I wUl proceed no fkrther." 

But we might reply : — ^ Lord, thou hast revealed unto as 
all these things. Us also hast thou taken into the counsels of 
thy creation, for thou hast not deemed thy children unworthy 
of thy knowledge. The foundations and breadth of the earth 
and the ordinances of the heavens, the depths of the sea 
and the way of the light, the treasures of the snow and the 
sources of the hail, the sending of lightnings to say ^ Here we 
are,' and the lifting of our summons to the clouds that we may 
have rain ; -^ behold thou hast disclosed them all unto us, thy 
children ! ' 

The claim of the scientific profession to recognition and sup- 
port has long been acknowledged by most European nations. 
Throughout the European continent organizations have been 



Digitized by 



Google 



ADDRESS OF EX-PRESIDENT GOULD. 18 

established, and are mamtained by the government at very 
considerable expense, for the one purpose of promoting scien- 
tific research; and the individuals composing these organiza- 
tions are provided with the means of support while laboring 
to this end. In our Own utilitarian country few claims are 
recognized excepting such as afford a direct personal benefit, 
which the individual recipients can estimate by some pecuniary 
standard. Thus the successful investigator in any special de- 
partment of medical science may reap a rich reward, — so rich 
indeed as to hold out strong temptations for the surrender of 
so large a share of his time and energies to the practice of 
his art, as to leave small opportunity for the farther prose- 
cution of his science. Indeed, when we examine the matter 
carefhlly, we shall find that it is only art (i. e. the application 
of principles and laws), for which any practical recognition can 
be expected in America at present ; while science (i. e. the 
discovery and investigation of these laws), even where nomi- 
nally fostered, receives support only through some of its indi- 
rect branches, which more properly belong within the domain 
of art. In this way medical science in this country is sup- 
ported only through individual need of the healing art ; physi- 
cal research, only through its most direct application to 
technology ; mathematical investigation, only in so far as it 
stands in palpable relation to engineering, surveying, or some 
other practical use; chemistry, as being an important hand- 
maid to manufacture and to metallurgy; astronomy, almost 
solely as an assistance to navigation. To one considering 
these unquestionable facts, the parallel case at Niagara pre- 
sents itself unbidden : — 

** The tailor made a single note : 
* Godfl I what a place to sponge a coat t ' '' 

In recounting these facts, it is without apprehension that they 
will be scouted, by any educated and thoughtM man not 
versed in scientific matters, as though they presented the one- 
sided view entertained by a narrow class of persons, who, firom 
habitual occupation with abstract or general inquiries, have 
become blinded to the great material interests of society. No 
doubt the advance of civilization is measurable by the progress 
of the arts ; »nd especially is our nation charged, as no nation 
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ever was before, with the duty of sabjugatiiig nature, and dif- 
fusing the arts of civilized life over a continent. No doabt 
the first instinct of homanity is to provide for its material well 
being ; and the craving for comfort and luxnry is a stimulos at 
whose bidding the whole world is to be made one family, through 
the beneficent agencies of commerce. But I do claim, first, 
that we have reached a stage at which it behooves us to ac- 
knowledge a higher aim, as much beyond the commercial and 
tedmological as the intellect is beyond the body ; that the aim 
is dictated to us by the Creator through intellectual incentives 
and opportunities, and that its pursuit is unfailingly rewarded 
by material recompenses. And, secondly, even if we disregard 
these considerations altc^ether, and take into account merely 
that material progress to which America is devoting all her 
energies, that it is a narrow and baneful policy which forgets 
that immediate, direct and palpable influences are not the only 
ones. Rarely are they even the chief ones. 

It would be throwing words away were I to undertake to 
prove, what you all know already, that scarcely one of all the 
great advances in the material welfare of humanity would have 
been made but for the scientist in his closet, whose experi^ 
ments, researches and generalizations, incited by the love of 
nature and the aspiration to fathom her laws, have afforded 
the knowledge which the inventor's fertility of device has made 
subservient to human welfare. There is no need of balancing 
the respective merits of the discoverer and the inventor. All 
will agree that but for the former the latter would be of little 
use. To be sure it would be false reasoning to maintain that, 
because valuable inventions are usually due to scientific dis- 
coveries, they must be deemed a necessary consequence there- 
of. Yet experience points to some such conviction; and it 
would be difficult to point out an important scientific discovery, 
no matter how abstruse if twenty years old, which has not 
already conferred some material benefit upon humanity, and 
which was not itself dependent upon each one of several inde- 
pendent and seemingly isolated previous researches. 

It is not then alike the wisest policy and the evident duty of 
a people already much advanced in material well-being, and 
ambitious of jwrogress, that it should recognize the debt it owes 
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to science, by courting snch opportunities for the future as sci- 
ence may afford? Is it not among its most palpable duties to 
develop and encourage scientific tastes and investigations, 
appreciating the material sacrifices which these entail, even 
under the most favorable circumstances? Is it not discredit- 
able to the civilization of a great people, when scientific abUiiy 
is habitually stifled or lost, by want of opportunity for its de- 
velopment? Yet a tale might be told, year after year, of earn- 
est and gifted young men compelled by want of bread to 
abandon the scientific path upon which they had entered with 
fervor. And if told, I believe it would astonish those whom 
circumstances have not inured to the facts, as it would mor- 
tify and sadden the patriot and the philanthropist. It is to be 
expected that the pursuit of wealth, or place or power, should 
have its own reward; the sincere follower of science neither 
seeks nor expects any of these things. But, unless the idea 
that a community can have duties and responsibilities, as well 
as an individual, be preposterous, the competent and willing 
votary of science is entitled to the means of investigating 
while he lives, and of living while he investigates. In all this 
broad land I know of not half a dozen positions, the duties of 
which may be discharged and a subsistence earned by prose- 
cuting scientific research. What is done is in the intervals of 
leisure from other labors, which exhaust the energies, but upon 
which the investigators are dependent for support. The col- 
legiate professor, whose nervous vigor is expended in the task 
of instilling trite rudiments into the minds of enforced pupils, 
forms no exception to this statement. And where are the op- 
portunities for those higher teachers who would fain use the 
blessed privilege of training others for the scientific vocation, 
and be rewarded by the consciousness that their conceptions, 
methods, plans and perhaps conjectures, are not to die with 
them. 

It would be far from reasonable to expect that the labors of 
any considerable proportion of investigators should be sev- 
erally crowned by large generalizations, or by such discoveries 
as are subjects of popular appreciation. These are compara- 
tively rare, and have always required the antecedent researches 
of a series of investigators to whom history is wont to award 
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inadequate acknowledgements. Stones most be quarried and 
hewn before the edifice can be reared ; facts must be gathered 
before their laws can be discovered ; the several laws must be 
recognized before their generalization can be effected. The 
ftmction of the scientist is to attain new truths by conquering 
them from the limitless realm of the unknown, and whether 
they be brilliant or otherwise, none is too small or insignifi- 
cant in aspect to deserve his earnest search or joyfhl welcome. 
Among the marked characteristics of modem science are its 
recognition of the value of every observation and experiment, — 
since there is no one which may not afford a basis or a clew 
for subsequent advance, — and its appreciation of the services 
rendered by those who lay the stepping-stones requisite for con- 
tinued ascent. And in proportion to the scientific develop- 
ment of a community is its relative estimate of the men who 
do not disdain those minor researches which are yearly becom- 
ing more indispensable, yet are unrewarded by popular 
applause. The science of the nineteenth century is to be 
sought not in -ponderous tomes, but in abundant memoirs. 
Scientific progress in these days is like that of a besieging 
army. Little by little miners work beneath the surface ; slowly 
the intrenchments grow to right and left, approaching always, 
however indirectly ; gradually the long circumvallations close 
around the citadel. Here, ground is gained for a new base of 
operations ; there, is opportunity for striking in a new direc- 
tion. Through avenues thus laboriously prepared the embattled 
host advances. At last a point is secured whence the artilleiy 
may begin its work. Under cover of this, new approaches are 
effected, until at last, in the Aillness of time, the final charge is 
made. One brilliant dash, and the stronghold falls. But 
should the engineers' devices, the miners' toil, the soldiers* 
labor at the earthworks and the artillerists' service at the guns, 
all be held cheap, because of our admiration of the gallantly 
and chivalry that led the decisive onset? So thoroughly has 
the scientific world been impressed in recent years with the im- 
portance of Judging researches not by their brilliancy, but by 
their promise of ultimate usefhlness, that the straining after 
showy results is deemed unworthy and derogatory, while a new 
and well established fact is welcomed with a more earnest 
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cordiality than the most fascinating hypothesis, or the most 
plausible conjecture, prior to its verification. 

All science is, and must be, to a certain extent, experimen- 
tal. Even in those branches which from their very nature 
preclude arbitrary experiment, comparisons of phenomenon 
with prediction, of observation with computation, supply its 
place. Methods of discovery, in astronomy and in chemistry 
or terrestrial physics, differ but little. Eeppler's mind was 
scarcely of a different order, or his processes of a different 
class, from Faraday's. And, essential as the inductive method 
may be for a control and criterion of the results attained, few 
discoveries were ever made by pure induction. Given the re- 
sult in advance, experiments may be contrived for guiding to 
it ; let us once know that the truth lies in one, and one only, 
of two divergent directions, and we may think out crucial in- 
stances. But such are not usually the circumstances under 
which discoveries are made; and learning and skill are in 
general no more necessary for disposing of hypotheses, than is 
ingenuity of invention for framing them. 

The facts and relations to which I have called your atten- 
tion indicate the frmctions of the scientist in the present con- 
dition of our civilization. The duty of investigating the 
principles and laws of the material universe once conceded, 
this office devolves, in the grand division of labor, upon a 
special class. And that stage of progress is already attained, 
in which subdivision in a high degree, among this class, is 
imperative. Large acquaintance with ki9dred branches of 
science, and special concentration of effort upon a narrow 
field, are alike requisite for the investigator, Moreover he 
must be content with small and modest additions to human 
knowledge ; humbly and hopefrilly gathering what he may, and 
bringing faithfully his sand-grains to the heap, if he find no 
stone for the temple. He may no longer look for brilliant dis- 
coveries as the sure reward of earnest research, though he 
should possess the genius of Pythagoras, Archimedes, or Co- 
pernicus ; nor have others the right to expect it of him. And 
if perchance any such discovery or generalization fall to his 
share, simple justice demands that he concede to others much 
of the merit. The activity and energy of scientific inquiry at 
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the present moment are intemie beyond all precedent in his- 
tory. The accretions and develoimients of a coaple of years 
change the aspect and relations of each successive discovery 
almost past recognition. An important fact, noted bat unpub- 
lished by one man, speedily manifests itself to others ; so that 
suppressed discoveries are in fact abandoned ones, and the 
most important are veiy frequently made in duplicate. This 
is simply because the limit of our human knowledge spreads 
like a great circular wave, emanating from a center. The ad- 
vancing lines have access only to what lies upon the margin 
before them, and the throng who press forward tread in con- 
tiguous paths, the divergence of whose radiation is overbal- 
anced by the continually increasing number in the ranks. 
And it is characteristic of the present time that it is a period 
requiring cooperation and associated effort in scientific re- 
search, not merely for the sake of needfhl distribution of 
labor, but because combinations of resources and acquirements 
are requisite, to which no individual can attain. 

It would be a grateftil office to congratulate you upon the 
part our own people is taking in this great campaign for intel- 
lectual conquest. Thank God we may claim some part in it, 
and names too, among the living as well as the dead, which 
will surely gain lustre In scientific annals with the lapse of 
time. Yet how small is our relative share ! Why have we 
not, in our forty millions of men, as many active investigators, 
as many scientific institutions, as much national support, as 
much popular sympathy, as may be found in Germany, France, 
or England? Why are the efforts of the scientist appreciated 
and encouraged solely in proportion to the estimate of them 
by popular and altogether incompetent tribunals? That it is 
so, needs no demonstration. Popular sympathy or encourage- 
ment rarely rewards the scientific investigator while living; 
and when it does, it is seldom because of his highest achieve- 
ments. And those reward^i which the community honestly 
desires to bestow upon this class of intellectual labor, are but 
too apt to fall to the mere bookwright, if oot to the charlatan. 
Meanwhile great public interests suffer for want of such guid- 
ance as very many easily might, and gladly would, give who 
live and die unrecognized by those who would desire to make 
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their d^rvices available, and w hosd recognition would augment 
their uaefiilness a hundred fold. 

Do you ask the remedy for tMs disease? I know none, ex:-' 
cept such change in pablio sentiment as may lead to deference, 
in scientific matters, to the Judgement of experts, together with 
the maintenance and encouragement of institutions which may 
serve to develop experts and indicate who they are. 

It cannot be denied that there is a large class with whom 
slarong antipatiiies exist against scientific pmrsuits, and against 
those who are habitttally engi^ed in them^ For these preju- 
dices there are various reasons, some by no means mmatural. 
That continual demand for evidence, which scientific studieer 
evoke, is peculiarly distastefhl to the vague and purely specula- 
tive mind, and affords a nevei'-failing subject for ridicule. The 
very warfare in which the reverent votary of science some- 
times finds himself involved in defence of her interests — so 
paramount in his estimation to his own — is made a ground for 
imputations of irritability and jealousy. The mere utilitarian 
objects to the abstractions of the higher sciences, as unfitting 
men for the daily duties of life; ignorant himself of any 
utility or duty which does not lie upon the surface. And then 
there is a counter-prejudice even among some educated and 
thoughtftrl men, which regards all studies pertaining to the 
physical universe, as of a low order and "mat^ialistic" ten- 
deocy, and whidi actually despises all inquiries^' the correctness 
of whose results may be tested. 

How far just foundation mi^ exist for any of these adverse 
judgements, I will not undertake to say. There can be no 
doubt that exclusive attention to any one class of pursuits, 
will give onesidedness to the- character, as Well as to the cul- 
ture ; yet I am not sure that scientists are more justly subject 
to this criticism than any other class of men. Indeed it might 
be claimed for them, with a Mr show of reason, that as a class, 
they are more familiar with- literature, philosophy, and the arts, 
than the followers of these vocations are with science. Cer- 
tainly th^ are better acquainted with the practical affairs of 
technology, than the so-called "practical man" is with scien-' 
tifio matters. And if the tenor of their studies lead them to 
distinguish shari^y between ivluit is, ilad what i» not^ sosoepti* 
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ble of proof, and thus to lose some of the genial inflaences of 
imagination through their quest of the ennobling influences 
of truth, they may perhaps be thereby rendered less agreeable 
companions, yet they are none the worse citizens. 

But all the opposition to scientific studies, springing fW>m 
such considerations as I have named, is small compared with 
that from theological sources. From the very dawning of 
modem science, the various systems of theology have waged 
against it an unceasing war. The demonstrable character of 
its results have rendered it especially obnoxious to those who 
feared some encroachments upon their prescribed tenets, or 
who dreaded lest the overthrow of some favorite theory might 
be fatal to all reliance upon their creed. Some have assumed 
an antagonism between the orally and the visibly revealed word 
of God, and in their solicitude for the former have attempted 
to discredit the latter, and summoned to their aid the whole 
battery of the casuist. But they have forgotten that excess of 
zeal is abortive, whether it be in behalf of science or of reli- 
gion, and is sure to create a reaction ii\jurious to that cause in 
behalf of which it is exhibited. 

I remember thirty years ago hearing a venerable and good 
man, who stood in the front rank of our scientific teachers, 
preface his lectures on geology with a deprecation of its 
"infidel" tendency when not properly interpreted. And the 
days are by no means past, when the efforts to reconcile appar- 
ently conflicting statements, in the book of Genesis and the 
book of Nature, are far more strenuous than any efforts at 
verifying the credentials of either statement. The inquisition 
of two decades ago took a different shape from that of two 
centuries earlier, but it was scarcely less tyrannous or unre- 
lenting. That agony of nerve and muscle, which wrung from 
Galileo Galilei his transient recantation, was scarcely more 
severe than the mental and moral pangs, which more than one 
man of science has been called upon to bear in our own day, 
because he has become convinced that our earth existed thou- 
sands of centuries ago ; that all mankind are not descended 
from a single pair ; that the evidence is decisive that human 
beings lived during the pleiocene period ; or that the sun ante- 
dated the earth, and its alternations of day and night. 
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All this is changed in our seminaries of learning today, I 
admit. In the meridian blaze of scientific knowledge, and 
the diffasion of its life-giving energy, such darkness could not 
continue. Yet how short the interval since its dispersion! 
Revulsions of popular feeling are like the oscillations of a 
mighty pendulum. Reaction has now in turn overshot its mark, 
and today it is theology which stands on the defensive. Even 
that attempted compromise, which would leave to scientists all 
things scientific, and to theologians all things theological, 
although in its nature unstable, has failed to find that tempo- 
rary acceptance which might have been anticipated for it. 

Thus the confiict, between accepted creeds and facts claiming 
to be demonstrable, is one which may no longer be delayed. 
No temporizing will avert it more, and one or the other must 
yield. Truth, though many-sided, cannot be discordant, and 
the honest man desires to know and to accept it. No evidence 
for any theoiy can be satisfactory, so long as evidence on the 
other side cannot be disposed of. The student of nature 
deals, it is true, only with material facts ; yet his results, such 
as they are, are demonstrable, and may not be discarded to suit 
the preference of any sectarian. On the other hand, theologi- 
cal and philosophical inquiry deals only with moral evidence 
and with mind ; yielding results which rarely admit of actual 
demonstration. With a strange avidity, the name 'science' 
is constantly claimed for researches in these fields, as though 
no other word were equally honorable ; still it is relatively only 
a very small portion of them to which the term may be right- 
Ailly applied, since it implies the investigation, not of facts 
alone, nor doctrines, but of laws. And although unquestion- 
ably there have been, and may be, elicited in this field certain 
laws, yet their paucity is recognizable by the criterion that 
what is once established must be accepted by competent minds, 
and adopted as a basis for farther research. To deny the laws 
of gravitation, of the tides, of storms, of magnetism, is merely 
to manifest ignorance. Yet the multitude of diverse systems 
of philosophy and of religious creeds has been increasing, not 
diminishing, for the last two thousand years. 

Still it may not be denied that we have two independent 
means of attaining knowledge of the higher truths. These 
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imply totally different methods, and thovld redprocaUy con- 
firm each other, if their results be correct. Let the existence 
of a real conflict in their results be once established, and their 
is no escape fix>m the inference that at least one of them is 
erroneous. Now although mistakes in sdentiflc deductions are 
frequent enough, no sane nan will contend that those results 
are erroneous, which may be proved to the aeceptance^ ot 
all competent investigators who examine the question. And 
those, who war upon all scientific investigation of theological 
questions, mast either object to competent evidence, or must 
plant themselves upon the dangerous groxmd that all physical 
evidence is inadmissible. 

In what I am saying I am sure no one will suspect me of the 
slightest intentional disrespect to the religious convictions of 
any earnest believer, however conservative or however liberal. 
Yet we are continually brought to the old, old dilemma, where 
science seems to demand one inference, and fiedth another. 
To accept either, if hopelessly contradicted, is repugnant to 
the philosophic mind^ how to reconcile them, has been the 
problem of the ages. The apparent antithesis may be vari- 
ously stated. One man presents it as between Nature and 
Revelation; the latter certainly divine, the former in its 
essence illusory. Another puts it as between Science and 
Beligion ; the former ignoring the jnoral, and the latter the per- 
ceptive faculties. A third gives it as between the evidence of 
the Senses and the intuitions of the Soul. Bigots, casuists, 
fanatics, have each in turn asscdled the teachings of science, 
and have swept along with them many a good and earnest 
man whose fervid piety has led him to glory in the motto 
^ Credo quia impossibUe est' Vague arguments, in which words 
and ideas have become almost inextricably confounded, have 
alarmed the consciences of men, lest the rewards of faith 
should be withheld from those whose faith required no sacrifice 
of reason. Meanwhile it has been forgotten, both that there 
must be some apparent reason for one's faith, and that faith 
and reason are alike expressions oi the Divine in man. To 
such an intensity hi^ bigotry continued even in our own days, 
that we may see the mischievous sophistry yet maintained in 
some quarters, that tiiere am moral limits to inquiry, whioh 
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man may not presmne to transcend ; before which scientific 
research is unlawfiil, and theological inquiry sinM. What 
could impel to such doctrine, except an apprehension of those 
results to which honest research might lead? Were the pro- 
hibition addressed only to a class deemed incompetent to in- 
vestigate intelligently, or whose preliminary knowledge was 
inadequate, we might appreciate and possibly approve it. 
But tliis is not its spirit. It is either an assertion that the 
Almighty cannot guard his own secrets, or else it is an asser- 
tion that the All-wise and AU-powerfUl has imbued us with 
quenchless aspirations, and has established incentives which 
' cannot be followed without leading us away from him. Before 
modern science existed, while superstition held unchallenged 
sway, when dealers in the black arts of chemistry, astronomy, 
and the like, were conceded to have sold their souls to Satan, 
such a doctrine might not have surprised us. But that edu- 
cated partisans of any creed should maintain today, that 
obedience to the God-given instinct of searching out the laws 
and being of the Almighty, in his physical and moral creation, 
is a crime, and that the tree of knowledge still bears fhiit 
which it is forbidden to gather, in however reverential a spirit, 
seems a horrible anachronism. 

If there be one moral truth which may be regarded as be- 
yond all question, it is that our worship belongs to the author 
of nature, who fashioned alike the body and the soul of q^an, 
and is sovereign over all matter as well as all spirit. Yet the 
separation between scientific and religious views of the uni- 
verse has been growing wider for a century, impelled by the 
joint efforts of the bigot and the atheist, who have worked 
most earnestly together for their common object. Never was 
the need so sorely felt for the discovery and recognition of 
that middle term, which must exist, and through which the dis- 
sonant views are reconcilable. 

One of the clearest thinkers of our time believes that he has 
found such a middle term, and maintains with vigorous argu- 
ment the doctrine that it exists in Force. And among its varied 
and correlated manifestations he claims that it nowhere finds a 
simpler or higher manifestation than in Will, — the only form 
which may claim to be primary. Here we enter upon a theme 



Digitized by 



Google 



24 ADDRBSS OF KX-PBESIDEHT GOULD. 

BO lofty and so dizzying in its height that we may well distroBt 
oar powers ; and in the nn wonted keenness of our sense of their 
inadequacy, we feel how closely we are treading upon the mar- 
gin of their range. Yet I will venture to say a few words 
upon this i>oint, because I find myself alike unable to resist 
the conviction that a great verity underlies the idea, or to ac- 
cept the doctrine as consonant with what may be regarded as 
demonstrated concerning the nature of force ; notwithstanding 
the ability with which it has been maintained by a certain 
school of philosophers, that life, consciousness and ail psychical 
energy are simply manifestations of this same force, — conver- 
tible into and deduced from heat, chemical action and the 
like. 

Scientists are now of accord that *^ force can neither be 
created nor destroyed,^ and that "the quantity of force in 
nature is Just as eternal and unalterable as the quantity of 
matter." Its various forms are eminently convertible, yet 
utterly indestructible. And to avoid that fruitful source of 
disagreement among the ablest men, which has arisen from the 
ambiguous signification of the word, we must adopt the meaning 
which is finding general acceptance, and define force as "that 
which is expended in producing or resisting motion;" thus 
clearly discriminating between force and its cause. 

In his retiring Address before this Association, last year, our 
honored ex-president Dr. Barnard presented an argument, so 
vigorous and clear that I see no room for an adequate re- 
joinder, in opposition to the doctrine which would extend the 
principle of the conservation of force to the phenomena of 
consciousness, — *'a philosophy which at the present day is 
boldly taught in public schools of science, and which numbers 
among its disciples many very able men." He says, for in- 
stance : — 

« Organic changes ore physical effects, and may be received without 
hesitation as the representative equivalents of physical forces ex- 
pended. But sensation, will, emotion, passion, thought, are In no 
conceivable sense physical."— [Proc. Amer. Assoc,, Chicago, p, 89.] 

"The philosophy, which makes thought a form of force, makes 
thought a mode of motion ; converts the thinking being into a me- 
chanical automaton, whose sensations, emotions. Intellections, are 
mere vibrations produced in Its material substance by the play of 
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physical forces, and whose conscious existence mnst fdreyer cease 
when the exhausted organism shall at length fail to respond to these 
external impulses."— [/&^, p. 91.] 

''Thought cannot be a physical force, because it admits of no meas- 
ure. ... A thing unsusceptible of measure cannot be a quantity, and 
a thing that is not even a quantity cannot be a force."— [i&id, pp, 
98, 4.] 

Before the cogent reasoning carried oat by President Bar- 
nard, of which the general tenor is indicated by these qnota* 
tions, the view that force affords a middle term between the 
moral and the material worlds can be sustained as little as the 
pure materialism against which the ailment was directed. 
But if we ascend a grade higher, and consider that which 
guides and compels force, as force guides matter, I am dis- 
posed to believe that the problem may be nearer to a solution. 
Yet I offer my views with hesitance, not unmindful of the great 
thinkers who have considered these exalted topics, and shrink- 
ing from the rebuke of presumption. 

There is an elegant experiment, in which the tension of a 
spring is made to produce heat by percussion, thus developing 
the current from a thermo-electric battery, which by successive 
modifications of its force exhibits heat, chemieal action, mag- 
netic attraction, and finally bends another spring; the same 
original force successively appearing in all these various mani- 
festations until it is reestablished in its primitive form. In 
such an experiment the imperfections of the apparatus would 
of course entai) some loss at each successive step, and thus 
preclude the practical recovery of an available force equal to 
that expended in the original fiexure of the spring. Yet the 
fact is beyond question that such loss is due solely to the inade- 
quacy of our implements for collecting and transmitting the 
force at each stage of the experiment ; for the .law of conser- 
vation teaches that it is in every instance converted into other 
form or forms without diminution. Could such an apparatus 
bo constructed with theoretical perfection, it would represent 
an eternal circuit of force ; and, like the frictionless pendulum 
in a vacuum, it would* exhibit a perpetual motion, after the 
needful impulse had once been applied. The spring would os- 
cillate forever, did no extraneous force oppose, whether the 
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force producing its rebound were or were not transmitted 
through a chain of modifications. 

In this inert apparatus no force whatever would have been 
embodied, yet qualities would have been implanted by design, 
which would compel an indestructible force, applied to it, to 
play the part of an unwilling Proteus. The influence seems 
unavoidable that force may be guided and controlled, com- 
pelled to exert itself in this or in that shape, without the out^ 
lay of any other force for the purpose. If it be objected that 
it is an intrinsic law of force that it shall change its form in 
exerting itself, the case is in nowise altered by the expression 
of this truism. Our design has prescribed, and (extraneous 
force being absent) might indefinitely prescribe, the modes and 
directions in which that constant force should mUnifest itself. 

Muscular force is directed, and in its vital action is usually 
controlled, by will. If we assume it to be coequal with the ex- 
penditure of tissue,* measurable alike by its transferred re- 
sults and by the decomposition of this tissue, where and what 
is that power which lets loose or withholds this force, and 
whose action is attended by a conscious effort? It is the will, 
— a something which directs and controls force without ex- 
pending it. Not only are thought and forms of consciousness 
not forces, if the reasoning already adduced be correct, but, 
although often moral incentives to the will, they are not even 
motive energies, in 'the sense in which I think we must con- 
cede the will to be such. It is true that the exercise of 
thought is followed by fatigue, yet it is not attended by a sense 
of effort, except in so far as it is directed by an exertion of 
the will. And although the former doubtless consumes tissue, 
have we any reason for believing that the exercise of will does 
the same, apart from that consumption which corresponds to 
the forces whose mode of action it prescribes ? 

Thus it would appear that the metamorphosis of force, 
though not *'work done" in the mechanical sense, is the re- 
sult of some definite mode of causation. What this causation 
is, and whether it is susceptible of measurement, are the next 
questions.' In the same category with ihis agency, or energy, 

*STen if It be also, to Bome extent, sapplied by the diBorganlxation of food not 
Ailly eonverted, the argument U not thereby affected. 
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or influence, the vital principle would seem to belong, — direct- 
ing forces while it neither expends nor consumes them. In the 
growth of organic beings, unstable combinations are formed, 
and organized structures are thence reared, in which, as Kant 
has so beautifully said, ''all parts are mutually ends and 
means." K in such organic development force is consumed, 
disorganization without decomposition ought to evolve it. Of 
the deposit of force in the unstable material of the tissues, I 
am not speaking, but of the vitality itself, which represents an 
energy requisite for the development and growth of organisms, 
— their dissolution being in turn attended by development of 
inferior forms of life, which suggest that this energy may have 
again been made available, — an energy too which is not 
" force," as this term has just now been defined. 

No comparison can be drawn between vitality and those 
molecular forces which build the crystal. Crystalline forms 
arise when the molecular attractions enjoy the freest* scope, 
and their construction must be attended by an evolution of 
force, which ought to be recognizable by physical tests, and 
which should also be measurable by an excess of their resis- 
tance to solution, over that of comparatively amorphous masses 
of the same material, in which equal weights present equal 
surfaces. 

So, too, not only in that individuality which life confers and in 
the impossibility of insulating or transferring vitality, but also 
in its hereditary character and its apparent susceptibility of 
indefinite increase or diminution, the vital energy violates our 
fundamental conceptions of force, and demands a separate 
category, seeming to belong in the same with will. If will and 
life be forms of force, their total amount must be limited by 
the law of conservation. If, on the other hand, they are out- 
side the realm of forces, we may more readily indulge the con- 
viction to which experience would lead, that their freedom is 
unfettered by .any restrictions within our knowledge, — each 
enjoying an indefinite, though possibly a correlated scope in its 
own domain. The indestructibility of both matter and force 
implies a fixed coefiScient of force for matter in equilibrium ; 
but how great is the contrast offered in this respect by such 
energies as life and will I 
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Now if this reasoning be oorrect, we may have in this class 
of energies that middle term, so earnestly desired and so in- 
tensely needM, which unites the phenomena of matter with 
those of spirit, and forms the connecting link between science 
and religion; their harmonious conjunction affording the 
highest system of philosophy. It is this class of enei^es 
which, controlling the forces of matter, guides and governs 
their modifications and transformations. It is this, moreover, 
which, inseparable from mind, is exerted by all conscious organ- 
ism. The mystic play of coequal, but to our senses, so dis- 
similar forces, and the equally recondite mutual action of the 
eye, the brain and the nerve, alike demand agencies transcend- 
ing all our science, yet implicitly obeying physical laws. The 
highest manifestations of these agencies is in will ; the highest 
agent is the Almighty. Thus the dictum of faith, that the 
universe exists only by virtue of the continued will of its 
Creator, represents a palpable scientific fact ; and we may see 
that the pantheist, the materialist and the spiritualist (I will 
not be debarred from this noble word by the associations of its 
misuse today) have been contemplating the same exalted 
truth from different aspects, with limited ranges of vision. 

With the disappearance of theological hostility to science, a 
new era will commence, and increased progress may confi- 
dently be expected both for science and for religion. But we 
may not conceal from ourselves that the omens are less favor- 
able for science in our own land than elsewhere, since there 
are peculiar obstacles to be encountered. These chiefly arise, 
directly or indirectly, ftx>m that characteristic in our national 
development, which assigns an exaggerated value to immediate 
utility, and a low estimate to what real utility is. It cannot 
be denied that the attainment of riches is becoming with us 
more and more the chief aim of existence ; and this tendency 
is aggravated by that dominant spirit in our large cities, which 
gives to wealth alone the influence which it ought to share 
with integrity, with refinement, with education, and with tal- 
ent. Thus the ambition of our youth is almost irresistibly 
directed to the acquisition of property as the highest worldly 
good, and their experience is made to confirm the doctrine. 
Our institutions of science, few as they are (and almost uni- 
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versally confounded by the pnblic ynth instynitions for the 
preliminary education of youth), are, like the latter, dependent 
upon subsidies and gifts from individuals. A disposition to 
advance the public welfare by liberal munificence, may cer- 
tainly be claimed for our wealthy classes, and America has a 
right to abundant pride in the generosity of her rich men ; 
yet it cannot be expected that largeness of views in literary 
or scientific matters should always be commensurate with 
largeness of heart ; and the monuments of unwisely directed 
generosity, scattered all over the land, commemorate gifts, 
which, if Judiciously bestowed, would probably have placed the 
United States in the front rank of intellectual progress. But, 
more than this, these same influences have resulted in placing, 
to a very large extent, the governance and guidance of intel- 
lectual agencies, and the control of intellectual institutions, in 
the hands of men not well fitted for their exercise. How could 
science, or literature, or art thrive, while their interests are in 
the keeping of those who do not comprehend them, and who, 
even with the best intentions, do not know at what to aim ? 
The administration of the finances of an institution loses 
much of its value, when the institution itself goes adrift. And 
then again, while it has been and is still the usage to do all 
we can for the education of youth up to a certain point, no 
encouragement or support has been deemed needfid beyond 
that point ; so that in fact the individual is aided in prepar- 
ations for useftilness, but receives not the slighest encourage- 
ment for the actual exercise of that usefulness, after the 
preparation is completed. In late years we have actually re- 
trograded in this respect ; and, even in seminaries of education, 
discouragements are thrown in the way of those studies which 
do not suit the views of the utilitarian. But in America 
today, the ctying need is of opportunities to make serviceable 
such preliminary training as may have been acquired in any 
purely intellectual or scholastic field — a need far greater than 
any lack of opportunity to obtain this n^quisite education. It 
has become forgotten that the training of the school and the col- 
lege is but a means, and not an end ; and, as in so many other 
cases, the end is lost from sight in the pursuit of the means, 
<— the proseoution of research is neglected, while the requisite 
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education is zealously proyided for. Thus it is that the sci- 
entist is compelled, almost without exception, to earn his bread 
independently of his vocation, that is to say, by work other 
than scientific research. Finally, the want of any recognized 
tribunal, whose Judgement might be provisionally accepted 
upon matters requiring scientific knowledge for their decision, 
which might command public confidence by the character and 
attainments of its members, and which could represent, advo- 
cate and maintain the interests of science with the public and 
with government, has till recently been a source of disadvan- 
tage, which it would be difficult to overestimate. 

The extent to which our people has indirectly suffered from 
the want of recognition and support of scientific pursuits 
would scarcely be credited at first statement. The lack of 
those mental habitudes which they imply, is a fruitftil parent 
of superficiality, and is largely accountable for our national 
fault, — want of thoroughness ; for thoroughness will never fiour- 
ish while only those pursuits are encouraged which promise 
immediate recompense of the most tangible sort. Another 
result is the absence of deference to competent authority, the 
absence of respect for mental excellence and power. To be- 
come aware how little we know, requires some progress in 
knowledge ; and, just as want of faith brings superstition, so 
disregard or ignorance of known laws begets credulity. What 
ludicrous illustrations of this fact are daily offered by the 
vague popular conceptions of the well-known laws of electri- 
cal action. I have heard it said that the most complex pro- 
cesses are suddenly revealed and made clear to the feminine 
mind by the magic word *^ machinery." Be this true or not, 
it will scarcely be denied that to the masculine intellect there 
is a cabalistic virtue of equal potency in the mysterious name 
"electricity." To this awe-inspiring agency — although no 
more recondite for the physicist than heat or light or grav- 
itation — all uncomprehended facts are attributed with a sort 
of satisfaction to that reference to supernatural powers is thus 
evaded! 

The recently prevalent belief in ghostly table-turnings, 
supernatural knocMngs, rappings and bell-ringings, and in 
spiritual lead-pencils, would Aimisl^ also a painfU illustration 
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of my meaning, were it not still a somewhat dangerous subject 
to discuss with freedom, — even out of Salem I 

Prominent tunong the serious dangers which are theatening 
the welfare of science among us, at present, is its advocacy 
upon improper grounds. That man is no loyal follower and 
no true Mend, of science who bases her claims to support upon 
the ground of immediate practical utility. How essential she 
always has been to the useflil arts, all history and experience 
proclaim ; yet these recompenses would form indeed a low and 
unworthy motive for her pursuit. To follow her for such an 
end would be to follow a Divine leader for the sake of the 
loaves and fishes, expected to be miraculously dispensed to 
hearers of the word. To hear that word, to learn that law, to 
gain some comprehension of the lofty scheme, such are at least 
the only motives worthy of avowal. The present reaction 
from the era, when all culture other than classical and meta- 
physical was disregarded if not despised, and the crusade 
against classical culture, which results from this excessive reac- 
tion, bode no good to science. The champions in this crusade 
occupy simply the utilitarian ground, and their alleged advo- 
cacy of science is in fact scarcely more than an advocacy of 
the useful arts as the highest object of education or of the 
attention of the educated classes. The crusade is not in be- 
half of this or that form of intellectual progress ; it is against 
such intellectual culture as has not some tangible end, capable 
of being represented by dollars, or finding expression in some 
form of physical well-being. Results of this outburst of utili- 
tarianism, combined with worship of Mammon, are already 
visibly manifested all around us in the substitution of expen- 
siveness for elegance, of monstrosity for grandeur, of gaudi- 
nfess for beauty, of quantity for quality. As the golden age 
degenerated to the iron, so the age of iron has dwindled 
into that of tinsel. See, in so many public buildings, bow 
tawdry contrasts in color, or extravagance in ornamentation, 
usurp the place of beauty in form. See, in public grounds, 
how the grace and harmonies of nature are ostracized, for the 
sake of putting something expensive in their place. Even the 
reverence which would fain preserve and protect what is hal- 
lowed by associations and memories of the great and good is 
regarded as a conservatism, quite ^^ behind the times." 
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To save oar ooantry from the abyss, on the verge of which 
it stands, will require all the energies which can be summoned ; 
yet we have the satisfaction of knowing that, witti few excep- 
tions, the most refined and cultivated men of the land recog- 
nize the danger and are united in efforts for its aversion. Sci- 
ence has few stronger friends than among the scholars of 
America; scholarship, few more zealous adherents and ad- 
mirers than among her scientific men. Intellectual culture, of 
any sort which aims at something higher than narrow utility, is 
what we need, and its advance in any one direction can 
scarcely fail to be followed by advances in others. Scientific 
education, moreover, peculiarly requires fhllness of culture; 
and whatever hampers this, obstructs the progress desired. 
The experience of ages may not lightly be disregarded, and 
we must remember that novelty is not necessarily excellence 
in philosophy, education or art. 

But there is a pleasanter side to the prospect ; for, where sci- 
ence does have a foothold, her path is becoming smoothed and 
the sphere of her influence extended as never before. In scien- 
tific matters at least, we are attaining the epoch of simplicity, 
which entails universality, and this in its turn promotes the 
brotherhood of all who serve a common cause. The magnificent 
discovery of the correlation of the physical forces weaves the 
physical sciences into harmonious relationship, and opens to 
our vision glimpses of still grander generalizations beyond. 
Recognition of the equivalence of these different forces entails 
the ii^troduction of absolute units which command universal 
acceptance ; and thermic, electric, magnetic, chemic, mechanic 
energies are gauged by units depending on the meter and on 
the earth's rotation. The metric system of weights and meas- 
ures, already of almost universal use for purpose of research, 
is rapidly finding popular adoption among all nations, notwith- 
standing the force of prejudice and the reluctance to modify 
habitual usage. Thus the nations are entering into more inti- 
mate intellectual relations with each other, at the same time 
that, by the progress of the arts of life, the physical barriers 
which separated them are broken down, and the sharphess of 
dividing lines is softened. 

It would be unjust too, did we fail to acknowledge the influ- 
ences by which trade has not unfrequently exerted a most 
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healthful stimulus upon scientific research, when the require- 
ments of the arts have pointed out the directions in which 
farther knowledge is especially needful for their purposes. 
The wonderfiil additions to our knowledge of the laws of elec- 
trical circuits, which have been evoked in England by the direct 
influence of companies for the manufacture and use of subma- 
rine telegraph-cables, furnish a brilliant example of what may 
be accomplished in this way. And of a quite analogous char- 
acter are those national influences and characteristics which 
tend to the especial promotion of particular branches of science, 
and, by the reciprocal and reflected action of these upon the 
tendency thus implanted, render it markedly prominent. Thus 
the need of discovering and making manifest the mineral 
wealth of this continent, together with the magnificent fields 
offered for exploration, have given in America remarkable 
development and impulse to geological investigation, and the 
proportion of geologists among our scientific men is probably 
manifold larger than in any other country. The same may be 
said of physical geography and of geographical and topo- 
graphical exploration. But, more than any other art, war has 
stimulated physical science; and those branches which have 
been made to contribute most abundantly to military ends are 
those which have thriven most among military nations. Ap- 
plied mathematics and the departments of physics useful to the 
engineer, the topographer and the artillerist have specially 
flourished in France. An amusing illustration of the relative 
positions which sciences and arts may occupy under peculiar 
influences,' is furnished by a publisher's book-list, published in 
Paris monthly. The newly published books are assorted by 
subjects, and one of the groups uniformly appears as follows : 
^'Sciences Mathematiques et MilUaires: — Astronomies Arith' 
metique^ Marine, Equitation;" thus showing how thoroughly the 
system of classification is arranged from the standpoint of the 
cavalry-man. National legislation, too, exerts a decided influ- 
ence, and in our own land by no means a favorable one to the 
investigator. At this moment the import-duty imposed by law 
upon apparatus intended exclusively for investigation, in in- 
creasing the sum of human knowledge, is nearly three times as 
great as that upon the same apparatus if imported for purely 
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educational purposes, in disseminating knowledge already at- 
tained! 

In these remarks, Gentlemen, I have endeavored to lay be- 
fore yon such facts and considerations as may illustrate the 
position and relations of the follower of science, especially in 
the United States. What measure of confidence my inferences 
may deser>'e, your own experience and Judgement must decide ; 
but I am sure you will not doubt my earnest desire so to pre- 
sent them as to wound the sensibilities of no man. I have 
sought conscientiously to describe the present aspect of sci- 
entific culture in our country, neither shrinking from the state- 
ment of unwelcome truths, nor refusing admission to the 
hopeftd promises of the Aiture. What that fhture is to be, 
rests in great measure with the generation now upon the stage. 

The magnificent, the stupendous march of scientific discov- 
ery in the recent past, leads to brilliant and almost limitless 
aspirations for the near future. The range of human insight 
into the creation has been of late so wondrously expanded at 
each limit, that we are emboldened to expectations of scientific 
discovery, which at first seem utterly extravagant. K within a 
decade we have learned to analyze the incandescent substance 
of sun and star, comet and nebula, — if we have attained to 
thermic, electric and acoustic tests, delicate beyond the apparent 
reach of human perception, — if we have learned the strange 
relation of meteor and comet, and added even molecular forces 
to the lists of known cosmical agencies, — if we have traced the 
laws of thermal refraction within conducting solids, and found 
out a higher alchemy in the transmutation of forces, — is it too 
much to expect that a few years more will disclose the subtle 
relation between conduction and induction ; that whatever may 
correspond to refraction in electricity will be developed ; that 
the source of the phenomena of terrestrial magnetism will be 
brought to light by the continued study of its laws ; that the 
mystic bond of gravitation may be made less incomprehensible ; 
that, if radiant action without a medium be possible, its mode 
of operation will be discovered ; and that perhaps even the 
chemical constitution of the luminiferous ether may be ana- 
lyzed. 

In our own country, none of the obstacles to proper scien- 
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tific development are insurmountable in their character. Seri- 
ous they are indeed, yet far from discom*aglng. Amid our 
hopefulness and faith in the magnificent future which awaits 
the land we love more than Jews loved Zion, and toward which 
we look forward with an intenser pride than Athenian or Ko- 
man ever felt in the past glories of his coimtry, we are too apt 
to tinge all the prospect with roseate coloring; and, in the 
greatness and depth of our confidence, we are tempted to shut 
our eyes to inauspicious omens. The patriot's duty is not to 
deny, but to meet and avert, all danger threatening his country ; 
it is to labor for her welfare, not to bask in dreams of her 
coming glory. 

There are already abundant indications of a desire in the 
community to encourage science. However large a share may 
have fallen by the wayside, or on stony ground, stiU much of 
the liberality already manifested must bear good fruit. And 
as the fruit ripens and the community receives the resultant 
benefit, many of the evils already enumerated must infallibly 
be diminished. That completely vicious circle of administra- 
tive policy must sooner or later disappear, by which, in in- 
stitutions established for noble ends, the aims and objects 
themselves are lowered for the sake of winning donations for 
additional endowment. The time cannot fail to arrive when 
literary, artistic and scientific matters shall at last receive the 
guidance of literary, artistic and scientific men. Of all intel- 
lectual pursuits, our national character seems most inclined to 
those of science. Would that the prospects of classical cul- 
ture and refinement were one-hfilf as good as those of scientific 
progress; for the proper mutual relations once established, 
these could not fail to reinforce and supplement each the other. 
In short, we need only the adaptation of our hitherto untried 
forms of social organization to intellectual as well as material 
interests, — an adaptation, which the relatively small infiuence 
of intellectual pursuits thus far has too long delayed. 

The frmdamental idea of this Association is the Advance- 
ment of Science by promoting intimate relations among those 
who love and desire to serve her, by gathering from distant 
regions the various results of scientific study for common dis- 
cussion and comparison, and by disseminating throughout the 
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country a popular interest in the ennobling pursuits to which 
we offer our allegiance. The absurdity of casting ridicule 
upon the Association because it invites to its ranks all lovers 
of science, whatever their sphere of life, their attainments, or 
their avocation, — cordially welcoming the contributions and 
encouraging the attendance of all who avail themselves of this 
means of fhrthering the great end, — is only paralleled by that 
other one, which finds another occasion for ridicule in the policy 
of confining the decision of purely scientific questions to those 
who are scientists by vocation. The flippant sneers at scien- 
tific institutions of both classes, which not unfrequently meet 
our eyes, would almost lead us to doubt whether it were de- 
sired to confine all scientific culture to a class of Brahmins, or 
to submit the law of gravitation to a popular vote by majority. 
In the present critical period of our national development, the 
need of an organization like this is palpable ; and, if only some 
element of greater stability and of established policy could be 
introduced (which would seem by no means diflScult), its use- 
fulness would be beyond description, reaching to every comer 
of the continent, and permeating the whole people with its 
healthAil infiuence. 

Our field. Gentlemen of the American Association, lies 
clearly mapped out before us. Our duties are shrouded in no 
uncertainty. To disseminate and impress the great truth that 
God has given us His works to read and His laws to learn ; 
to advance the public estimation of scientific research, not as 
a means, but as an end, — an end, however, which when hon- 
estly pursued never yet failed to bring rich recompense to 
the community ; to encourage and assist all institutions estab- 
lished for the increase of human knowledge ; to inculcate res- 
pect for learning and reverence for authority ; to guide ambi- 
tion away from the mere accumulation of lucre and toward 
intellectual aspirations; to deserve the confidence and guide 
the liberality of good and patriotic men, who would contribute 
of their own abundance to ftirther the holy cause of science ; 
to protect scientific interests from the greed of those, who 
would make of them a prey, incited by the lust of money 
or of power ; and by these and all other righteous means to 
hasten the time when the land of the setting sun shall become 
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the Orient by leading the science of the world, awing the 
nations rather by her intellectual achievements than by her 
material power ; — these are among the great interests which 
are committed to our charge. 

May we, one and all, so acquit ourselves of these high re- 
sponsibilities, that coming years shall render a verdict that 
the republic has received no detriment through negligence or 
weakness of ours ! 
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A. MATHEMATICS, PHYSICS, AND CHEMISTRY. 

I. MATHEMATICS. 

1. A Dbmonstration of Euclid's assumed axiom relative 

TO PARALLEL LINES. Bj ALEXANDER C. TwiNING, Of 

New Haven, Conn. 

The plain and admitted fact that science feels no defect in 
its conclasions and experiences, no limitation even of its most 
subtle and recondite researches in consequence of the acknowl- 
edged absence of a link in the rigorous chain of Euclid's 
demonstrations, does not, apparently, abate the zealous efforts 
of modem geometry, to have the defect supplied. It may be 
hard to explain why the human mind should persist in stri^4ng 
after a desideratum which is not felt as an operative necessity, 
except we recognize a profound conviction of the superiority 
of pure intellect, upon abstract subjects of thought, to any 
and all deductions fh>m mere experience. The author of this 
paper has ventured before,* and ventures now to follow in the 
wake of the many who have attempted to prove, under the 
definitions, and by the severe paths of the old geometry, the 
noted axiom — not so accepted however by modem science, nor 
yet proven to general satisfaction — that through a given point 
there can be hvJt one parallel to a given straight line. In pre- 
paring this paper for publication, some substitutions and abbre- 

* Amerioan Joaraal of Science and Aits, VoL i, 9d series, p. 89. 
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viations have been made, of which an indistinct intimation was 
given at the time of its reading. Obviously the chief novelty 
and principal importance are centred in the resulting proposi- 
tion, which the Lemma here immediately following is made to 
precede as a mere, although an essential auxiliary, and might 
be proved yet otherwise. • 

LEMMA. 

No triangle can Jiave the turn of iU angles greater than two right angles. 

If this is proven of right angled triangles, then is it also 
proven of all triangles; for any triangle whatever, may be 
divided into two right angled triangles, ^ 

whose oblique angles together constitute 
the angles of the given triangle ; conse- 
quently if it is shown that the oblique 
angles of neither can together exceed a 
right angle, it is also shown that the angles of the given tri- 
angle cannot exceed two right angles. 
Accordingly, to prove the above for 
right angled triangles, let ABO be a 
triangle, right angled at B; and, if 
possible, let the two angles at A and 
C, be together greater than a right 
angle. Upon AB raise the perpen- 
dicular AD equal to jB C and join CD. 
Because the two oblique angles of the 
triangle exceed a right angle, while the 
two constituent angles of jB^Z> are 
only a right angle, it follows that 
DACis less than its alternate angle 
A CB. Reverse A C upon itself, and 
revolve D down to 0, CO must fall 
within AC By but, being only equal to 
jBC, cannot intersect AB. Therefore 
the triangle ACO lies wholly within 
ABOy and 0, or D, exceeds the right 
angle at B. (Euc. 1, 21.) Then the 
quadrilateral ABOD has two right angles, and has the angles 
BCDy CD A, equal, and each greater than a right angle. 
Revolve this quadrilateral over into the position ABO'D' \ 
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then DAD' is one straight line, and CBC is also one straight 
line, and the quadrilateral CC'D'D has its four angles equal 
to one another, and each greater than a right angle. Revolve 
it over upon its terminal side D'C\ into the position O C"D"D'^ 
then DD'D" is a reentering angle and CC'C" is another equal 
to it. Draw ib and jft perpendiculars to the medial line D'C 
at the apices D' and C. They will meet CD between O and 
i>, and they will also meet C'D" between Q" and D". Thus 
there will be formed a new quadrilateral 1661, having its angles 
all equal and in excess of the corresponding angles at C, i>, 
D"^ C", because they are exterior to them in the triangles 
DD\ D'D"h^ etc. Also, for the like reason, and because i>, 
D"^ etc., are obtuse, the lines Z>'i, D'h^ etc., are greater, res- 
pectively, than D'D^ D'D"^ etc. Revolve the new quadrilat- 
eral over on its terminal side 66, into the new position hh'h'h. 
Then 166', ^V are reentering angles whose apices are at the 
extremities of th'e medial line lib. Perpendicular to that line, 
at those extremities and apices, raise the lines 22', 22'; they 
will meet n and h'h' within the points 1^ 1^ and 6', 6', respec- 
tively. And by revolving over the quadrilateral 222'2' upon 
its terminal 2'2', this last will become a third medial line 
whose extremities are the apices of a third pair of reentering 
angles 22'2', from which a third pair of perpendiculars 2'3, 
may be raised, cutting the fixed terminal side, Z>(7, in the 
points 3, 3, and making 33, less than 22, or than its equal, 
2^2'. And this course of construction, it is evident, may be 
continued at pleasure, so long as there remains a medial line 
at whose extremities new perpendiculars may be raised and 
produced backwards, to cut both DC and its corresponding 
and opposite terminal side ; that is tp say, so long as the suc- 
cessive segments Cl, C2, C3, etc., have not increased to a 
length, as CZ, which shall have either met its opposite and 
equal DZ', at the middle point between D and C, or the two 
shall have passed each other as seen in the figure. Now these 
segments cannot but so increase as to meet in the middle of 
DO otto cross ; for the interior angles at 1, 2, 3, etc., are less 
than right angles, and consequently CI exceeds a perpendic- 
ular from C to C 1, also 12 exceeds a perpendicular from 1 to 
62, and so on successively. Moreover these perpendiculars 
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themselves snccessively increase in magnitude, because they 
subtend, successively, larger angles CC'l^ 152, 22^3, etc., and 
from the extremities of successively longer sides (7'1, &2, 2'd, 
etc., opposite the respective right angles, as is shown by the 
construction.* Therefore neither Oil, 22, 8, nor any suc- 
ceeding increment of CZ or DZ' can be so small as the per- 
pendicular from (7 to C'l. Let SZy S'Z' be the two equal 
perpendiculars which are the first to meet or pass each other. 
These are drawn, by construction, from the extremities of a 
medial Une. Thus, it follows, there' can be drawn from a 
point, Wy of their meeting and crossing, two perpendiculars to 
one and the same line, which is impossible. Therefore it is 
absurd to suppose that any right angled triangle^ or any tri- 
angle whatever y has the sum of its angles greater than two right 
angles; which was the point to be proved. 

PROPOSITION. 

Through a given point there can he but one parallel to a given straight line. 

Let ^^ be the given straight line, and C a given point. 
Through O draw CF' at right angles to CAy a perpendicular 
to the given line. Then CF' is the only straight line through 
O, which cannot meet AB. 

DBMONSTBATIOK. 

Let there be any straight line, as CO, drawn through (7, 
within the right angle at that point, and from some point G 
therein let G 2?* be a perpendicular to CF. Bisect CF in /, 
and raise the perpendicular //, meeting CO in /. In FG, pro- 
duced if necessary, take FK double //; join and produce 
IKy and draw IH to the bisecting poiut between F and K. 
Because it has been shown that the right angled triangle O/I 
cannot have its three angles together greater than two right 
angles they must either be together equal to two right angles, 

*For the reSnteifng angles, Bnocessiyely diminish, and Uierefore the half dlf- 
ftrence between each, and two right angles increases; also C1>C'C, and much 
more, 61>C'C. In like manner 2'2>61 and so on. And to suppose that the 
same or a less perpendicular oan subtend the same given angle (and much more 
a greater angle) at a greater distance flrom the angular point, may easQy be seen to 
inyolye the absurdity that two perpendiculars to the same line may be drawn from 
that angular point. 
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or together less than two. If the latter, then will FQ he 
greater than FK; for let / and H be joined, and obviously 
the triangle fFH^ by construction, is equal and similar to 
Cfly and therefore has the sum of its angles less than two 
right angles. But the triangle flH cannot have more than 
two right angles, consequently the two triangles fFH^ fISy 
which together constitute the quad- 
rilateral fFHIy cannot have so much 
as four right angles, and therefore the 
two angles flH^ FHIy are together 
less than two right angles. But from 
the equality of the perpendiculars 
//, FH, the last named angles are 
equal to one another, and therefore 
each is less^than a right angle. Re- 
verse IH upon itself, and revolve over 
HG into the position Ig. Then, be- 
cause HIg=:IHO exceeds a right 
angle, it will lie out of Hlf^ which 
has been proved less; and, because 
fHGy Olf, are the supplements, res- 
pectively, of the equal angles fSFy 
CIfy they are equal to one another ; 
and fHG less IHG, or the angle 
/JET/, is less than GIf diminished by 
jET //, or in other words, than the an- 
gle HIG = IHg. Consequently IHg 
lies outside of IJfff^ and the apex g 
lies outside of the triangle Ifffy and 
Jg=ffGy is greater than //, or than 
its equal by construction, HK; be- 
cause, if / and g were joined, the 
angle Ifg would be greater and the 
angle Igf less than a right angle. 
But also the angle IgH=IGH is less than IfH; by which 
it appears that IGH-\-FfH= CGF+FCG is less than the 
two angles at / within the quadrilateral ; that is, they are less 
than a right angle. Consequently it is proven that if the 
angles of Of I are together leas tkaoi two right angles^ the same 
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is true also of the angles of CFG; and also that HG is greater 
than HK=ifL From I drop IL a perpendicular U) AB^ 
then, the same things being given, the angle LIGj must lie 
within the angle LIK. And yet more, if necessary or de- 
sired^ let the perpendicular F'G* be raised at th^ distance 
CF'=2CF, and F'lP be taken twice FK, then the same 
things given, and the line IK' being drawn, it may in like 
manner be shown that if CG produced will*meet the perpen- 
dicular in G\ F' G' must be greater than twice FG^ and much 
more be greater than twice FK^ and that LIG' would lie 
within the angle LIE? ; but if CG produced cannot meet 
F'K' produced, then much more must the angle LIO lie 
within LIK'. And still again, if another perpendicular F'K' 
be supposed, the double of FK^ and raised at a supposed 
distance OF" twice that of C-P, and meeting CI produced in 
G"y then will F" G" be more than twice F' G'^ and so on in- 
definitely, and the same things may be proven as before. 

It follows from all the above that if the line CI produced 
passes through K, then the three angles of Cfl are not less 
than two right angles. But they cannot be greater and must 
therefore equal two right angles. And, in fact, it will readily 
be seen, ex converso^ that if the angles of Cfl are equal to 
two right angles, then CI produced must pass though JT, and 
also through K, K'^ etc., indefinitely, and must meet the line 
AB, To prove this join /JT, then the triangle fFH by its 
construction is every way equal and similar to C//, and its 
angle at H being complementary to its angle at / is equal to 
the angle Hfl^ which is complementary to the same, — where- 
fore (Euc. 1. 4.) the triangles fHF^ Hfl, have their third 
sides equal to each other and to C/, and also the angle at / 
equal to the right angle at F, and also the two angles at J7, or 
FHIj a right angle ; and IF is a rectangle. Consequently, 
also, the two triangles IHK^ Cfl^ having the angles at H 
and / right angles, and the sides HK and // equal by con- 
struction, and the sides JjET, Cf equal, are equal and simi- 
lar triangles — wherefore the three angles at I together make 
two right angles, and CIK is one straight line, and the 
angles of CFK are together two right angles. And in like 
manner may the same be proven of the triangle CF Ky and of 
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the supposed triangle CF"K'^ and so on indefinitely. Take 
in CA produced the distances Cl, C2, (73, equal, respec- 
tively to /J, FK^ FK and so on, — each being double of 
the preceding, till Gn is found a greater than CA^ and join 
Jl, K2y K'3, and so on. In the same manner as IF was 
proven a rectangle may /I be proven to be the same, and 
also, consecutively, F2, F^S, and so on indefinitely for suc- 
cessive perpendiculars to D^, each of which is met by 0/ 
produced, till finally the perpendicular Zn is proven to be 
met, as in Z, by the same. But AB cannot meet Zn, for if 
so it would form with it and the segment An & triangle whose 
angles were together greater than the two right angles. Conse- 
quently C7 J produced will meet AB. Hence it has been dem- 
onstrated that if CI produced passes through K it will meet 
AB; and it has before been shown that if it does not pass 
through Kit will pass at some angle LIQ within LIKj and 
consequently mu/^ more will it mset AB. Therefore it will 
meet AB whether it does pass or does not pass through 
K. But CI or CO is any line whatever that makes an inner 
angle at C with CF. And if that inner angle is made on the 
opposite side from 0, the line must, if produced, meet AB on 
that side, as already proved for the side towards 0. But CF' 
cannot meet on either side ; for, if so meeting, it would form 
with AB and AC a. triangle having its angles together in 
excess of two right angles, which is absurd. Consequently 
CF\ which cannot itself meet AB, is the only line through C 
that cannot so meet : — which was to be demonstrated. 



2. On thb Construction of three Maps of Europe, France, 
AND North America, in the Gnomonic Projection, 
with a view to the Distribution of Mineral Wealth 

AND THE STUDY OP THE EaRTH'S FiGURE. By FeLIX 

Foucou, Madison, Wise. 

I have the honor to present to the American Association 
the formula and calculations relating to a set of maps in the 
gnomonic projection, in the construction of which I have been 
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engaged about four years. In such a system of projection, 
the surface of a country is developed upon a plane, tangent to 
the terrestrial spheroid at the centre of the said country ; all 
the points of the map are determined by the intersection of 
that plane with the radii of the sphere. The result of it is 
that every grand circle is represented as a straight line. So 
the eye is able to discover at a glance, whether the line which 
connects several points of geographical or geological import- 
ance, is or is not a grand circle of the earth. The practical 
superiority of these maps over all others now used lies in the 
fact, that on the latter ones every grand circle is represented 
by a curve line, which can be determined only by a graphical 
construction, or a series of calculus operations which involve a 
loss of time, and sometimes chances of mistake. 

Finally, the practical value of the gnomonic projection is to 
guide more surely the mining operations and the geographical 
studies, as it is well ascertained that many grand circles of the 
earth are, altogether, the lines of dislocation of the earth's 
crust and the belt of mineral wealth of similar origin. Such 
a relation is fully illustrated, both in Europe and America, by 
recent discoveries of metallic mines and mineral springs, and 
by the close study of the main features of the two continents. 
However it must be understood that I engaged myself in the 
construction of gnomonic maps, not in order to advocate any 
theory of the figure of the earth, but to collect facts and com- 
pare them more easily than it is possible to do it with the 
actual systems of projection ; these systems are excellent for 
several purposes, and we must keep them ; but they require a 
complementary one, which is the gnomonic or radiated system. 

A map of Europe, about forty square feet large, is quite 
finished since January last, and will be engraved in order to 
represent the geological structure of that continent. The 
original sheet is in Paris (France), and will be brought to 
America as soon as the work of engraving is completed. 

At the same time, my assistant is engaged in the drawing of 
a special map of France, measuring about ten square feet, and 
a preliminary map of North America, of about the same size. 

The formulas which have been used are new and simple ; 
they require but the knowledge of elementary mathematics, 
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and are calculable by logarithms. The calculations are to de- 
termine the meridians by their distance from an axis, and the 
parallels by their intersections with each meridian. The for- 
mula relating to the meridians is 

d=iZ tangZ cos L' 

B being the radius of the sphere, I the longitude of the me- 
ridian, L' the latitude of the centre of the map, which centre 
is the point of tangence of the sphere with the plane of projec- 
tion ; d is the distance between the same centre and the point 
where the meiidian intersects the axes of the map, which axis 
is the meridian of the centre. 
The formula relating to the parallels is 

.^^ . R COB A cos g tang I 
8ia(x-f*) 

B being the radius of the sphere, I the longitude of the meri- 
dian, X the latitude of the parallel, d and W two auxiliary 
angles, and x the distance between the axis of the map and 
the intersection of each meridian with each parallel. 

The geographical drawing has been, and is still, actually 
performed in Paris, with the prospect of being subsequently 
pursued in the United States, and I will not fail to let the 
American Association know the progress of the work and its 
practical applications to the art of Mining and the Science of 
Geography. 



II. MECHANICS. 

1. The Laws op the Deflection of Beams exposed to a 
Transyerse Strain, tested by Experiment. By W. A. 
Norton of New Haven, Conn. 

I propose, on the present occasion, to communicate the 
principal results of a series of experiments made with an 
apparatus which I devised for the purpose of testing the theo- 



Digitized by 



Google 



48 ▲. MATHEMATICS, FHT9IG8 AND CHEMI8TBT. 

retical laws of the deflecUon of beams exposed to a transyerse 
strain. 

[The apparatus was described in detail with the aid of sev- 
eral large diagrams. The following description will suffice to 
give an accurate idea of its essential features.] 

It may be regarded as consisting of three different portions, 
viz. : (1) that which supports the stick to be experimented 
on ; (2) that which applies and measures the strain ; (3) that 
which measures the deflection produced. The supporting appan 
ratus consists of two skeleton iron tables, each of which is a 
rectangular wrought iron ft*ame, two and three-fourths feet long 
by two feet broad, resting at the four comers upon cast-iron 
legs two and a half feet high. The longitudinal bars of this 
frame are one inch broad by two inches deep. These tables 
are placed lengthwise on the same line, say a north and south 
line, and one foot four and a half inches apart. Each of them 
supports a transverse sliding frame composed of two wrought 
iron bars, one inch by two inches, placed four inches apart, and 
formed at the ends into two sliding saddle pieces that rest upon 
the longitudinal bars of the table-frame. These sliding frames 
can be set at any distance apart, from two feet to six feet. 
Upon each of them rests an iron plate five-eighths of an inch 
thick, and fitted by grooves to the two iron bars, so as to be 
movable in the direction of their length, or crossmse to the 
lengths of the tables. Upon these plates rest two cast-iron 
supports, each consisting of an upright pillar, one and one- 
eighth inches square in cross section and twelve inches high, 
connected at the bottom with a plate that is supported by four 
leveling screws upon the sliding plates just described, and at 
the top with a plate five inches long (crossmse to the table- 
frames), two and one-eighth inches broad and five-eighths of 
an inch thick. The nearer edges of the top plates of these 
upright supports are beveled off, so as bring them imme- 
diately over the pillars. The stick experimented on rests 
immediately on these iron plates, and its effective length is the 
distance between their nearer edges. 

The mechanical contrivance for applying the strain to the 
stick, like the supporting apparatus just described, is wholly 
made of iron, and consists of an upright screw, turning by 
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means of female screws in two horizontal plates fastened at 
their four comers to upright columns. These columns are 
firmly connected with an iron bed plate, which is placed be- 
tween the table supports above described and securely fastened 
to the floor-joists by long screw-bolts. The screw-head is con- 
nected by intermediate pieces with an iron stirrup that rests 
crosswise upon the stick. There is a special arrangement, 
which cannot well be described here, by which these interme- 
diate pieces are made to move in a truly vertical direction, 
and not partake, in any degree, of the revolving motion of the 
screw. One of the intermediate pieces referred to, is a Fair^ 
bank's Spring Dynamometer (essentially the same as Begnier's). 
The circular dial-plate reads fh>m one pound to one thousand 
pounds. By means of the screw a power of one thousand 
pounds can be applied to the stick ; but in the experiments the 
strain was in no instance carried higher than five hundred 
pounds. 

The apparatus for measuring the deflection produced, con- 
sists of a brass lever of two arms, each flve inches long, one 
end of which is depressed by the middle of the bent stick, and 
the equal rise of the other is measured by a micrometer-screw. 
This micrometer-screw reads to one ten-thousandth of an inch. 
The lever is placed crosswise to the length of the stick and 
opposite its middle. It passes through a vertical slot in the 
iron stirrup that rests upon the middle of the stick, and 
presses by a blunt steel knob against the under side, the far- 
ther end of the lever being made slightly heavier than the 
other, so as to secure a moderate pressure. The arrangement 
for supporting the lever consists of a wooden strip six and 
a hfdf feet long, two and three-eighths inches deep, and one-half 
inch thick, stifliBned along the top by a strip of brass. This is 
secured to the pillars of the two upright supports, by clamping 
pieces, which firmly hold it at a distance of flve inches f^om the 
centres of the pillars and parallel to the length of the stick. 
Upon this supporting strip rests a sliding saddle-piece, having 
a small flat plate on the top, and adjustable by horizontal 
screws that pass through its vertical eade plates and press 
against the vertical sides of the wooden strip. Upon the top 
plate of this saddle-piece rests, by means of four leveling 
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screws, another small plate, upon which the knife-edge of the 
lever immediately rests. From the vertical side-plate of the 
saddle-piece that is farthest from the stick, extends a small 
horizontal bar, six inches long. This lies directly under the 
farther half of the lever. Near its farther end the micrometer- 
screw passes through it from below upward, and touches the 
under side of the lever, at a distance of five inches from the 
knife-edge support. The contact of its rounded point with the 
lever is observed with a microscope. The screw-head, adapted 
to the lower end of the screw, is two inches in diameter. Its 
outer vertical edge is silvered, and graduated to read to thou- 
sandths of an inch ; but a small vertical wire fastened to the 
bar above it, past which the screw-head moves, subdivides the 
smallest space on the graduation, so as to make it possible to 
read to the one ten-thousandth of an inch. Since the knife- 
edge of the lever is at the same distance from the point of con- 
tact with the upper end of the micrometer-screw and from that 
with the middle of the under side of the stick, the micrometer 
readings are the linear defiections of the middle of the stick. It 
will be observed that the depressions of the knob of the lever 
under the middle of the stick, will be the actual deflections ; 
since the support of the ftdcrum of the lever is firmly con- 
nected with the upright supports of the stick, and will par- 
take of any depression that they may experience from any 
settling of the apparatus under the action of the force that 
produces the deflection. It may be remarked here that it was 
ascertained, by an independent set of experiments, that the 
actual depression of the apparatus was very small ; only from 
two to three-thousandths of an inch for every one hundred 
pounds of pressure. 

The manner of conducting the experiments will be readily 
understood. The inner edges of the top surfaces of the up- 
right supports upon which the stick is to rest, are set at a dis- 
tance apart equal to the proposed eff<ective length of the stick ; 
either two feet, four feet, or six feet. These surfaces are care- 
fully leveled and adjusted to the same horizontal plane. The 
lower plates of the upright supports are firmly clamped to the 
sliding frames on which they rest, by portable clamps. The 
stick is then put in its place, the iron stirrup placed cross- 
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wise upon its middle, and connected by a sliding bolt and key 
Vith the upper end of the closed spring of the dynanometer. 
The apparatos for measuring the deflections is also leveled and 
adjusted. The screw is then slowly turned imtil the index of 
the dynanometer indicates one hundred pounds, two hundred 
pounds, or any other force of pressure it is proposed to apply, 
and the reading of the micrometer-screw indicates the linear 
deflection of the middle of the stick produced by the pressure 
applied. 

The experiments were made upon white pine sticks of vari- 
ous lengths, from two feet to six feet, and various breadths 
and depths, from one inch to four inches. The results are 
derived from the means of a large number of experiments. 
As an additional test the experiments were repeated upon a 
second set of sticks. 

The received theoretical formula for the deflection of beams 
of a rectangular cross section of uniform dimensions, is 

/= w Ebdi^ ^ which m is a constant, P the power applied, E 
the modulus of elasticity, I the length, b the breadth, and d the 
depth of the stick. For the case of a beam resting freely on 
two supports and loaded in the middle, to which the experi- 

ments were entirely confined, this becomes /= j;^^. If this 
formula be correct, then the following laws must be true. 

(1). The deflection is directly proportional to the pres- 
sure. 

(2). It is inversely proportional to the breadth. 

(3). It is inversely proportional to the cube of the 
depth. 

(4). It is directly proportional to the cube of the length. 

We will now compare each of these laws with the experi- 
mental results obtained. 

First Law. The deflection is directly proportional to the 
pressure. The following table contains a few of the results 
that serve to test this law. The first three columns give the 
lengths, breadths, and depths of the sticks, and the last colunm 
gives the differences between the deflections produced by the 
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two pressures given in the oolonm headed Difference of 
Pressures. 

The deflections for the first one hundred pounds of pressure 
are not included, for the reason that there is more liability to 
error in observing the absolute deflection than in observing the 
increments of deflection produced by each one hundred pounds 
of augmented pressure, starting from a pressure of one hun- 
dred pounds. The actual results for the first one hundred 
pounds are given, for comparison, at the bottom of the table. 

TABLB I. 



Sticks. 






Length. 


Breadth. 


Depth. 


lOOlha.toSOOlhB. 




9 ft. 


4 in. 


2 in. 


in. 

0.0U4 


14 


II 


II 


200 ** ** 800 " 


0.0102 


It 


II 


II 


800 " ** 400 ** 


0.0000 


II 


II 


II 


400 *' '* 600 " 


o.ooeo 


4 ft. 


Sin. 


Sin. 


100 *' '* 200 " 


0.0400 


" 


11 


II 


200 " "800 " 


0.0100 


Sft. 


Sin. 


Sin. 


100 " " 200 " 


0.0K» 


II 


II 


II 


900 II II 800 " 


0.0186 


II 


II 


II 


800 " «400 " 


0.0127 


2ft. 


2 in. 


Sin. 


100 " "200 " 


0.0068 


II 


II 


i< 


200 " "800 " 


0.0064 


II 


II 


II 


800 " "400 " 


0.0060 


Sft. 


4 in. 


Sin. 


OlbB.tolOOlb0. 


In. 
0.0119 


4" 


2" 


8" 


II II (1 


0.0477 


2 " 


8" 


2" 


II II II 


0.0164 


2" 


2" 


8" 


II II i< 


0.0002 



The following table gives the deflections for one hundred 
pounds, two hundred pounds, three hundred pounds, Ac., 
pressure : 
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TABLE II. 



StickB. 


Pressures. 


Deflections. 


Length. 


Breadth. 


Depth. 














in. 


2ft. 


4 in. 


2 in. 


100 lbs. 


0.0119 


(i 


(1 


II 


200 " 


0.0288 


« 


i( 


11 


800 " 


0.0886 


(( 


II 


It 


400 " 


0.0426 


If 


(I 


ti 


600 « 


0.0616 


4 ft. 


2 in. 


Sin. 


100 " 


0.0477 


«f 


u 


It 


200 « 


0.0936 


It 


u 


II 


800 " 


0.1806 


2fl;. 


Sin. 


2 in. 


100 " 


0.0164 


« 


i< 


II 


200 " 


0.0828 


« 


It 


II 


800 " 


0.0468 


II 


II 


II 


400 « 


0.0685 


2ft. 


2 in. 


Sin. 


100 " 


0.0092 


<i 


II 


u 


200 " 


0.0181 


11 


ti 


II 


800 <* 


0.0264 


II 


II 


II 


400 " 


O.0S44 



It appears from the results given in tables i. and ii, that the 
deflection is approidmately proportional to the pressure ; but 
strictly speaking increases according to a less rapid law. The 
probable explanation of this descrepancy between theory and 
fact, is that as the force of pressure increases the neutr^ axis 
of the cross section of the stick shifts its position, and its 
distance from the centre of gravity of the cross section aug- 
ments as the pressure becomes greater. From this cause the 
moment of the resistance to flexure increases indirectly with 
the pressure, at the same time that it increases directly from 
the augmented strains of the fibres. The increased moment 
of resistance to flexure resulting from this shifting of the neu- 
tral axis, should be attended with a diminished increment of 
deflection for the same increment of pressure. 
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Second Law. The deflection is inversely proportional to the 
breadth. Table lu. will serve to test this. 









TABLE III. 






Sttoks. 


ObB. DeflecUon 
for 100 Ibd. 


Cal. Deflection 
for 100 lbs. 


Dlfltevnoe. 


Balios 
of EiTor. 


Length. 


Bp'dtli. 


l>epth. 
















in. 


In. 






ift. 


lin. 


tin. 


coias 


0.0i» 


in. 




it 


t " 


<i 


0.0106 


0.Q8U 


+ 0.0016 


MS 


(i 


8 " 


II 


0.0147 


0.0U1 


—0.0006 


l-M 


ti 


4 " 


II 


0.0106 


0.0106 


OiKWO 




4ft. 


1 " 


11 


0.S8S8 


0.96S8 






u 


i " 


II 


0.1900 


0.14M 


+ 0.08S0 


1-5 


II 


8 « 


II 


0.0063 


0.0006 


— 0.0061 


1-S 


i« 


4- 


II 


0.0(04 


o.on4 


+ 0.0000 


1-7 



The numbers in the colonm of calcalated deflections are 
obtained by assuming the observed deflection for the smallest 
breadth (one inch), and computing the deflection for the other 
breadths on the supposition that it is inversely proportional to 
the breadth. The last column gives the ratios of the differ- 
ences between the observed and calculated deflections, given in 
the preceding column, to the observed deflections. The ob- 
served deflections answer to an increase of pressure from one 
hundred pounds to two hundred pounds, or two hundred pounds 
to three hundred pounds. It will be seen that the errors are 
some plus and others minus, and that the ratios of error are 
small fractions. They are, however, too great to be attributed 
entirely to errors of observation; but not greater than may 
reasonably be ascribed' to differences in the moduli of elasticity 
of the different sticks, and to the greater shifting of the neu- 
tral axis in the case of the sticks most strained, in connec- 
tion with possible errors of observation. 

Third Law. The deflection is inversely proportional to the 
cube of the depth. 

It soon became evident, in the course of the experiments, 
that this law could not be regarded as even approximately 
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true, except in the cases of sticks, or beams, whose length 
bore a high proportion to their depth. The following com- 
ptfrisons of observed with calculated deflections will show that 
it fails in the case of sticks two feet in length. 



TABLE IV. 



Sticks. 


BaUos 
ofbd* 


Obs. Deflec. 


Gal. Deflec. 


Diff. 


BatioB 
of Error. 


Length. 


Bi'dtb. 


Depth. 


lto4 
lto2| 


in. 
O.UU 

0.0428 

0.0147 

0.0084 


in. 
0.0868 

0.0066 


in. 
—0.0070 

—0.0019 




2 ft. 
2 " 
2 " 
2 " 


2 in. 

1 " 
8 " 

2 " 


lin. 
2 ** 
2 »* 
8 " 


1^ 
1-4.4 



TABLE V. 



Sticks. 


BaUos 
ofd» 


Obs.Deflee. 


Gal. Deflec. 


Diff. . 


Batios 
of Error. 


Length. 


Br*dth. 


Depth. 


Ito 8 
Ito 27 


in. . 
0.1414 

0.0106 

0.0084 


in. 
0.0177 

0.0062 


— 0.0018 

— 0.0082 




2 ft. 


2 in. 
i< 
<i 


lin. 
2 " 
8 " 


1-11 
1-2.6 



The calculated are all less than the observed deflections. 
The same is tnie when sticks of greater length than two feet 
are taken, but the errors are smaller in proportion as the length 
is greater. It appears, therefore, that the deflection decreases 
according to a less rapid law than the inverse cube of the 
depth. 

Fourth Law. The deflection is directly proportional to the 
cube of the length. 

The experiments show that this law fails, as well as the third. 
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TABLB YI. 



Sticks. 


BAtlOB 

of !• 


ObB. Delleo. 


Cal.D«flee. 


Diff. 


RatiM 
of Error. 


Length. 


Br'dth. 


Depth. 




















in. 








% ft. 


Sla. 


Sin. 




0.0195 


in. 


in. 






3 " 


3 " 


lto8 


0.1300 


0.1fi00 


+ 0.0880 


1-3 JS 




% " 


8 " 




0.0064 










i " 


8 " 


lto8 


0.0460 


0.0078 


+ 0.0813 


1-3 




8 *• 


S " 




0.0147 










8 " 


3 " 


lto8 


0.096S 


0.1176 


+ 0.0198 


1^ 




4 " 


i " 




0.0100 










4 " 


3 " 


lto8 


0.00M 


0.0648 


+ 0.0»4 


1-3.8 



We may conclude, from these results, that the deflection in- 
creases according to a less rapid law than the cube of the 
length of the stick. We have already seen that it decreases 
in a less rapid proportion than the inverse cube of the depth. 
It follows, therefore, that the true formula for the deflection 
probably contains at least one additional term, which varies 
less rapidly than as the cube of the length directly and the 
cube of the depth inversely ; or in other words, contains I in the 
numerator, and d in the denominator, each raised to a lower 
power than the cube. Now, if we consider attentively the 
changes that must occur in the relative positions of the mole- 
cules within a stick or beam, when it is subjected to a cross 
strain, we may perceive that a cause of deflection exists which 
has hitherto been disregaixled, or deemed too insigniflcant in 
its effects to be taken into accoimt. 

It is plain that when a stick, or beam, of a uniform rec- 
tangular cross section, resting on two supports, is loaded at 
its middle, a vertical force equal to one half the weight is 
transmitted to each support, by the slipping of each vertical 
section, or lamina, upon the next, until a vertical force of re- 
sistance is called into play equal to half the weight. As each 
section must transmit this same force to the next, the slip- 
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ping of one section upon another must be the same from the 
middle to the end. The section at the middle will be directly 
depressed, from this cause, by an amoimt equal to the sum 
of all these displacements that occur between the middle and 
the end, or to any one displacement multiplied by the number 
of sections, or indefinitely thin laminse, in this intenral. This 
depression should, then, be directiy proportional to the half- 
length, or length of the stick. If we compare sticks of the 
same length but different cross sections, the number of fibres 
that are subjected to this cross strain, or the number of mate- 
rial points in each cross section whose vertical resistance will 
be called into operation by the slipping of this section upon 
the next, will be proportional to the area of the cross section} 
and hence the amount of the relative sliding displacement will 
be inversely proportional to this area. It will be seen, then, 
that the sinkuig, or linear deflection of the middle of the beam, 
thus directly resulting frt>m the slipping of contiguous vertical 

sections, may be represented by the expression c -^ ; in which 

P is the load, I the length, h the breadth, and d the depth of 
the beam, and O a constant that must be determined by exper- 
iment. 

The theoretical deflection given by the formula which has 
been under discussion, is due to longitudinal strains on the 
fibres, indirectiy resulting from the 
same slipping of contiguous sec- 
tions. If ah and cd represent two 
vertical cross sections, indefinitely 
near to each other, of which ab is 
nearest the middle of the beam, 
the transmission of the action of 
the half-weight will cause ab to 
slip relatively to od until a ver- 
tical resisting force comes into op- 
eration equal to the half-weight; 
and the rectangle abed will take 
the form of the oblique parallel- 
ogram, a'h'cfd'. The diagonal ajo will therefore be short- 
ened, and hd lengthened. Accordingly a strain of compression 
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will come into operatdon along a'cf^ and a strain of extension 
along h'd'. The reactions to these strains will take place, along 
a'cf from the middle o toward a\ and from o toward c', and 
along h^d' from h toward o, and from d' toward o. As a con- 
seqaence the points a', and d', will be urged by equal forces 
toward the left, or toward the middle of the beam, and the 
points &', c', by the same forces, toward the right. The sum of 
the first two forces will then be a longitudinal strain of com- 
pression on the upper fibre, and the sum of the last two an 
equal strain of extension on the lower fibre. It will be ob* 
served that the strains here considered as confined to the 
upper and lower fibres, are actually distributed over all the 
fibres above and below the middle fibre of the beam. 

The conclusions here arrived at with regard to one indefi- 
nitely small rectangle a5od, will be equally true of any other 
that maybe considered between the middle and end of the 
beam; and the same longitudinal strains will be developed 
by the slipping of contiguous sections, in each rectangle. 
The entire longitudinal strains on the fibres, at the middle, will 
then be the sum of the individual strains developed in all the 
rectangles of the half length of the beam. The ordinary equa- 
tion of equilibrium of a beam may be readily made out from 
the present point of view ; but we have now only to consider 
the matter of deflection. It will be seen that the movements, 
to the left and right, of the angular points of the parallelo- 
gram a'h'c'd'^ that have been signalized, will be attended mth 
a turning of the whole parallelogram from right to left around 
its centre o. The direct tendency to rotation will be the same 
for each parallelogram of the half length of the beam, but owing 
to the propagation of the longitudinal strains on the fibres 
developed at each parallelogram, from the end to the middle, 
the actual compressions and elongations will be greatest at the 
middle, and the actual rotation of the parallelogram there will 
be the greatest. The deflection consequent upon the elongar 
tions and compressions of the fibres, is the joint result of the 
rotary movements of all the parallelograms in the half length 
of the beam ; and it is represented by the formula which .has 
been under discussion. 

It would seem, then, that the true theory of deflection con 
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ducts to the following formula, in the special case of a beam 
resting on two supports and loaded in the middle. 



Let us now proceed to compare this formula mth our exper- 
imental results. For this purpose we will determine the values 
of the two constants C and E for each individual stick, and 
compare the several values obtained. If the formula be cor- 
rect, the different sticks all in precisely the same mechanical 
condition, and the experiments perfectly accurate, we should 
get the same values for these constants in the case of each 
stick. But the experiments are liable to more or less of error, 
and the sticks may differ materially from one another in their 
mechanical condition; and even where they do not, as the 
actual deflections experienced are so different with sticks of 
different dimensions, any changes in the values of the constants 
that may result from the shifting of the position of the 
neutral axis, under the operation of the strains, should differ 
more or less. The derived values of the constants may there- 
fore differ among themselves, within certain limits, without 
leading us to conclude that the formula is probably at fault. 

The following table contains the values of G and J&, calcu- 
lated from the deflections due to one hundred pounds, for two 
sets of sticks of the same dimensions. They were all over 
four feet in actual length, but in the experiments the effective 
lengths taken were either two feet or four feet. The values of 
E and G were obtained, in some instances, by taking the de- 
flections for the same breadth and depth but different lengths 
(either two feet or four feet), and in other instances by taking 
the deflections for the same length but different breadths and 
depths. The results of two sets of calculations are given in 
the table. In the one the deflections answering to the least 
and greatest strains are taken, and the deflection due to one 
hundred pounds computed frt>m the difference of these by sim- 
ple proportion; in the other the same is obtained by taking 
the deflections answering to strains, or pressures, intermediate 
between the extreme strains. 
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TABLE VII. 



StiGln. 




Diir. of Intermediate 
PresBoree. 


Set No. 1. 


JS. 


C. 


X. 


C. 


k 


b. 


d. 


1,800,000 lbs. 


0.0000106 


1,906,480 IbB. 




ft. ft. 
t, or 4 


in. In. 
S 


in. in. 

I 


OiXNXNtta 


S 


S, or 8 


S, or 9 


1,006,809 « 


0.0000100 


1,579,900 « 


0.0000005 


4 


i,ar « 


S, or 8 


1,084,890 " 


0.0000067 


1,500,800 " 


O.O000076 


S, or 4 


4 


8 


1,008,000 " 


OU»00140 


1,501,200 « 


0.0000197 


2, or 4 


S 


8 


1,481,800 " 


0.0000106 


1,498,000 '* 


0.0000064 


Hou 


18. ..... 


1,008,966 « 
1,877,799 lbs. 


O.OP00106 


1,474,798 " 
1,904,000 IbB. 


0.0000098 




Set No. S. 




ft. ft. 
i,or 4 


in. ■ 
8 


in. 
8 


0.0000060 


S, or 4 


9 


8 


1,980,984 « 


O.O000060 


1,815,000 « 


0.0000068 


S, or 4 


4 


8 


1,006,900 << 


OUIOOOUO 


1,649,600 " 


0.0000107 


t, or 4 


S 


8 


1,061,889 « 


0.0000064 


1,000,000 <* 


0.0000100 


Heu 


kS« . . 




1,498,000 " 


00000098 


1,417,985 " 


OX)O000O4 




1 



The general formula applicable to white pine sticks of the 
general quality used in these experiments, will be obtained by 
taking the mean of the several values of E and C given in the 
above table. To test the theoretical formula we have obtained 
we will take the mean values of E and C, for the second set of 
sticks, given at the bottom of the fourth and fifth columns, 
viz. : .E=l,427,965 pounds, and c= 0.0000094. We thus have 

/= 0.0000094 ^ H ^ 

bd ' 5,711,800 XM» 

or, taking P=: 100 lbs., 

/= 0.00094 i + 

The following table contains the values of/ calculated by 
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this formula, and the results of a comparison of the calculated 
values with the deflections observed. 



TABLE VIII. 



Sticks. 


Cal. Values of/. 


Obs. Defleo. 


Dlfllsrenoe. 


Ratios 
of Error. 


I, 


b. 


d. 


in. 


in. 


in. 












4 ft. 


Sin. 


2 in. 


0.0682 


0.0068 


—0.0101 


1-9.7 


2" 


8 " 


2 " 


0.0140 


0.0147 


—0.0007 


1-21 


4" 


2 " 


8 " 


O.OA34 


0.0460 


-0.0026 


1-18 


2" 


2 « 


8 " 


OJOfm 


0.0064 


—0.0002 


1-42 


4" 


4 « 


2 « 


0.0661 


0.0624 


+0.0087 


1-17 


8" 


4 " 


2 «' 


0.0104 


0.0090 


+0.0014 


1-6.4 


4" 


2 " 


2 " 


0.1823 


0.1200 


+0.0128 


1-9.8 


2 " 


2 «* 


2 " 


0.0308 


0.0106 


+0.0018 


1-15 



The comparative accuracy of the old and new formulas, will 
be seen on comparing the ratios of error in tables iv, v, and 
VI, and table vin. It should be added that the results given 
in table iv, are fh>m calculations made in each instance on 
sticks which are identically the same, whereas those in table 
vm, are affected with the errors resulting fh>m the fact that 
the values of E and C are the mean values obtained from a 
number of different sticks, which may differ more or less in 
their mechanical condition. If we take the average values of 
these constants given in the table for the stick three inches by 
two inches in cross section, and obtained by taking the deflec- 
tions answering to the lengths, two feet and four feet, the form- 
ula thus obtained gives, for these transverse dimensions and 
the lengths, two feet and four feet, respectively, four results, 
the ratios of error of which lie between one fifteen-hundredth 
and one one-hundred and twentieth. 

Let us compare the values of the first and second terms of 
the formula. This is done in table ix. The values of E and 
C taken in the formula, are the individual values for each stick 
given in the second and third columns of table vii. 
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TABLE IX. 



Sticks. 


KintTenn. 




Batio. 


Sam. 


1. 


b. 


<i. 


in. 
0.006B2 


in. 

0.06082 


1-12 




in. 


sin. 


2 In. 


in. 
0.090i 


« 


J" 


8 " 


0.00068 


0.08879 


W.7 


0.0187 


M 


4" 


2" 


OXM)608 


0.0654 


1-8 


0.0820 


« 


2 " 


2 « 


0.01000 . 


0.1108 


1-11 


0.1908 


u 


1" 


2" 


o.om6 


0.2681 


1-15 


0JKS6 


2 


8" 


2« 


O.00S4B 


0.01119 


1-8.2 


0.0148 


(1 


S" 


8" 


0MB4A 


0.00487 


1-1.4 


O.O064 


« 


4" 


2" 


0.00828 


0.00008 


1<2 


0U>1€2 


u 


J" 


2" 


O.00S00 


0.01888 


1-23 


0.0188 


it 


«" 


1 " 


0.00600 


0J81B0 


1-18 


0^414 


u 


1 " 


2 " 


0.00000 


0.08801 


1-8 Jl 


OjOOO 



It will be observed that the value of the first term is in gen- 
eral comparatively larger for the length of two feet, than for 
that of four feet ; and in two instances is as large as one-half 
the second term. 

If now we divide the first term by the second, we obtain as 
the general expression of their ratio, ^EC^; from which 
we see that it is proportional to (~)». Wheni.=v'4]^, 
4 E C^ becomes equal to unity, and the first term equal to the 
second. When ^h^A less value than this, the first term is 
greater than the second. Taking the mean values of E and (7, 
given in the last two columns of table vn, for the first set of 
sticks, we have VI^C=7A1. The mean values given in 
the same columns for the second set of sticks, give VilEC= 
7.88. If therefore the length of a white pine stick be less 
than about seven and one-third times the depth, the deflec- 
tion from the cause heretofore neglected becomes greater than 
from the cause to which the whole deflecUon has hitherto been 
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ascribed. When the length and depth are equal, it is nearly 
fiftj-flye times greater ; from which it appears that in this case 
the deflection directly due to the slipping of contigaous verti- 
cal laminae, so greatly preponderates over that indirectly re- 
sulting from the same by reason of the longitudinal strains 
communicated to the fibres, that the latter is comparatively 
inappreciable. 

It will be seen, from the general expression for the ratio of 
the two terms, above obtained, that the formula for the deflec- 
tion may take the following form : 

I have made, with the same apparatus, a series of experi- 
ments on the degree of set, or residual deflection, communi- 
cated to sticks by varied strains, and under various circum- 
stances, and obtained interesting and valuable results. The 
discussion of these experiments is reserved for another oc- 
casion. 



2. Suggestions on the theory of the Composition of 
FoBCES. By F. W. Babdwell, of Washington, D. C. 

(AB0TRACT.) 

That velocity is prox)ortional to the force causing it, we can 
only know from experience, but the principle of the composi- 
tion of velocities, known as the parallelogram of velocities, is 
obvious from geometrical considerations, and is entirely inde- 
pendent of any relation between velocity and the force causing 
it. But if force is proportional to velocity, then the principle 
of the parallelogram of forces necessarily follows. If force 
is not proportional to velocity, then, as necessarily, the prin- 
ciple of the parallelogram of forces fails to hold. 

The logical order of the exposition of the composition of 
forces then seems to be : — First, to establish from geometrical 
considerations the parallelogram of velocities. — Secondly, to 
show that in all the varied combinations of forces, acting both 
in nature and under the control of man, the results verify the 
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assumption that force is proportional to velocity, and that tins 
principle may be accepted. — Thirdly, that the principle of the 
parallelogpram of forces necessarily results from the two previ- 
ous. 

La Place, in his Mecanique CeUate^ reverses this order, and 
deduces the parallelogram of velocities from the parallelogram 
of forces. In his demonstration, however, he assumes that if 
two component forces, x and ^, become successively dx, 2dx, 3 
dx, etc., and dy^ 2dy, 3dy, etc., that their resultant z would be> 
come successively dz, 2dz^ ddz, etc., and the angle between 
the directions of x and z would remain constant. But it seems 
to me that these results can only be considered to take place, 
on the hypothesis that force is proportional to velocity, and 
that they necessarily rest upon it. La Place does not admit 
this hypothesis until at a subsequent point of his investigation, 
and therefore his demonstration has that fallacy. 

Lagrange says that Bernoulli attempted to establish the 
principle of the composition of forces on considerations inde- 
pendent of that of motion, and gave a complicated demonstra- 
tion based on two "principles," but these principles also de- 
pend on that of force proportional to velocity^ and it would 
seem that the parallelogram of forces involves essentially this 
principle, and cannot be freed from it. 



3. On thb Thebmo-dtnaxics of Water-falls. By Alfred 
M. Mater, of South Bethlehem, Penn. 

Every one standing before a cataract is impressed with the 
presence of power in the plunging water ; and those who are 
accustomed to consider the evolution and transmutations of 
force naturally inquire into what phases of motion this falling 
mass is converted. 

The cataract leaps the brow of the precipice and strikes the 
water below ; vibrations are generated in the air, in the earth 
and water, and there arises a cloud of mist from the base of 
the falls. These are the immediately evident results of the 
falling water ; but yet another effect we should naturally ex- 
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pect to find, that is, the heating of the water after its impact 
on the rocks and river beneath. 

This effect has been suspected by all natural philosophers ; 
but, as far as I know, no one attempted to detect and measure 
it until Prof. Joseph Henry made some thermometric observa- 
tions at the Falls of Niagara in Sept., 1857. Prof. Henry 
gave a verbal account of his observations before (the Baltimore 
meeting of the American Association for the Advancement of 
Science, in May, 1858 ; but unfortunately they were not pre- 
sented for publication in the proceedings, and all that appears 
in the published account of that meeting is merely, the follow- 
ing title: '' Observations made at the Falls of Niagara, Ist 
September, 1857, by Prof. Joseph Henry." According to my 
recollection of the remarks of Prof. Henry, he did not detect 
any difference of temperature in the water at the top and bot- 
tom of the falls. This was probably owing to the want of 
delicacy in the thermometer, which read only to V Fahr., the 
fractions of degree being estimated by the eye aided by a 
lens. 

I therefore, during a recent visit to Niagara and Trenton 
Falls, determined to repeat these observations with a delicate 
Centigrade thermometer, by Alvergniat of Paris, reading to 
0^02 Cent. 

The first observations were made at Trenton Falls, July 4 ; 
the others at Niagara, July 7, 1869. 

The water, at each place, was collected in a tin cylinder, 
attached to a strong cord, holding about a half-gallon and of 
sufficient depth to allow the thermometer to be entirely im- 
mersed ; while the temperatures were read as soon as the mer- 
curial column ceased to descend. 

Tbenton Falls, July 4, 1869. 

Sky overcast. Drizzling. No perceptible wind. Tempera- 
ture of air during observations 18®. 3, C. 

The top-water was taken within ten feet of the leap of the 
falls ; the bottom-water at about thirty feet from the bases of 
the two cataracts ; and about five minutes elapsed between the 
last reading of the temperature of the bottom-water and the 
first reading of the top«water. 

A. A. A. 8. VOL. XVin. 9 
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Sherman FaUs (Trenton)^ W. aide. Height S9 feet. 



OBaBKTATIOItS. 


TBMP. TOP-WAXES. 


TBXF. BOTTOX-WATBE. 


1 

2 


16'.6 C. 

16*.6 
16'.6 


16'.7 C. 

16°.7 
16».7 


HighFaU 


{Trenton) upper faU W. aide. 


Height i5 feet. 


OBSKBYATIONS. 


TBXP. TOP-WATBS. 


TBMP. BOTTOX-WATEH. 


1 
2 

8 

4 


16«.6 C. 
16°.6 
16'.6 
16'.6 


le-.T C. 

16'.7 

16°.7 
16*.7 



At first sight these observations seem to have established an 
interesting physical fact in accordance with the thermo-dynamic 
theory ; but the same degree of heating (0^.1 C) in each case, 
and the amount of the heating of the water does not agree 
with that which Joules' unit establishes ; according to which 
the increase in temperature at the base of Sherman Fall should 
have been 0*.028 C, and at the High Fall 0\082 C. 

NiAGABA Falls, July 7, 1869. 

W. side of Canada fall. Height 158 feet. Sky 0.7, cloudy ; 
sun appearing at intervals. Wind S. ; gentle breeze. 

The top-water was here collected from an overhanging log, 
about sixty feet from the brow of the cataract and about thirty 
feet from the shore. The bottom-water was taken in first 
series of observations about two hundred feet from W. side of 
the base of fall, and in second series at about five hundred feet 
distant from base of cataract, to both of which points a strong 
current set in directly from the apex of "the horse-shoe," and 
the water when dipped was white with the air-bubbles it con- 
tained. 

Niagara Falls. Oh»ervaii(ms aJt Top of Cataract. 

OBSEBTATIONS. TEXP. TOP-WATEB. TIME OF OBSEHVATIOM. 

1 18^85 C. 1.45 P.M. 

2 18°.80 1.49 

3 18^80 1.52 

4 18^75 2.00 



Mean Temp., . . . 18°.80 
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Temperature of the air in shade with N. exposure, at top of 
the fall, during the observations, was 24''.00 C^ 



Nidi 


^ara 


FdUs. First series. 


Bottom^ater. 


OBSKKVATIONS. 




TBMP. BOTTOM-WATBB. 


TIME OF OBSBBVATION. 


1 

2 




18^6 C. 

l8^6 


2.15 P.M. 

2.30 


Mean Temp., 


• 


. . 18^6. 




Niagara FaUs. Second series. 


Bottom-water. 


OBSEBVATIONS. 




TEMP. BOTTOM-WATER. 


TIME OF OBSBBTATIOM. 


1 

2 
3 




18^55 c. 

18^60 

18°.55 


2.40 p.]f . 

2.43 

2.50 


Mean Temp., 


. 18^566 C. 





Mean Temp, of first and second series, 18''.583. 

Mean Temperature of air at bottom of cataract, from five 
observations, was 22''.16 C. 

The above observations show that the water after having 
reached the point at the base of the cataract where it was col- 
lected was cooled 0**.217 C, instead of being Tieated 0'*.113 C, 
as should have taken place had all of the falling force of the 
water been converted into heat. 

Thus at Trenton Falls we obtain a + and at Niagara a — 
departure from the deductions of a well established theory. In 
order to appreciate these apparently anomalous results we 
should consider the physical conditions of the water during and 
after the fall. 

As the water approaches the brow of the precipice, and just 
after it makes the leap, it has different velocities at various 
points of section at right angles to its surface, the velocity of 
its particles decreasing with the depth from the surface owing 
to the friction of the lower strata on the river-bed. This dif- 
ference of velocity first tends to break up the sheet and then 
the resistance of the air (which increases with the square of 
the velocity of the falling particles) further disintegrates the 
liquid ; and when the sheet is thin, and the fall high, it will be 
completely ^^ atomized" as we see in the Falls of the Staubach 
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and of Yosemite. As the fall strikes the river below it forces 
under its surface a large quantity of air, and thus during and 
after its fall the water is under conditions most favorable for 
its evaporation. 

When the surrounding atmosphere has a temperature above 
that of the top-water it will give up part of its heat when it is 
forced under the surface of the river below, and if the sheet be 
unbroken (as was nearly the case at Trenton Falls) this heat- 
ing cause will be added to the heating effect of the impact. 
While if the sheet is disintegrated during a high fall (as at 
Niagara) the cooling by evaporation may equal and even sur- 
pass the heating produced by these two causes. It therefore 
follows that with the same temperature of top-water different 
temperatures will be obtained at the foot of the same fall, ac^ 
cording to the various hygrometric and barometric conditions 
of the atmosphere. 

Now, if we suppose that the water falls in an unbroken sheet 
of considerable thickness, that no vibrations of air, water and 
earth are produced, and that no heat is given by the atmos- 
phere or abstracted by evaporation, we will have the total fall- 
ing force converted into heat, and that easily detected with a 
thermometer as delicate as that used in these observations. 
The heating effect would be in proportion to the height of the 
cataract or, what is the same, as the square of the velocity of 
impact; a fall of seven hundred and seventy-two feet being 
requisite (according to the experimental determinations of 
Joule) to heat the water 1^ Fahr., which converted into centi- 
grade equivalent gives 772 X f = 1S90 feet of fall for an eleva- 
tion of 1°, Centigrade. 

Thus we see why it was that at Trenton we obtained a heat- 
ing effect of 0**.l C, while theory gives 0'*.032 C. (for the mean 
of the two falls), while at Niagara we obtained a cooling effect 
of 0**.217 C, instead of 0**.113 C. of heating ; showing that the 
water was really cooted by evaporation 0**.217-|-0M13 = 0**.88 
C, without considering the abstraction, by the same cause, of 
the heat imparted to the water by the air, which must have 
been considerable as its temperature exceeded that of the top- 
water by 5**.2 C. 

We infer from our observations that one cannot derive from 
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thermometric observations on water-falls any data of value to 
the thermo-dynamic theory ; but we would suggest that obser- 
vations be made when the temperatures of the air and of the 
top-water are alike, while at the same time the air is saturated 
with moisture ; under these conditions the heating of the water 
due to its impact will be the least hidden by tiie heating or 
cooling effect of contiguous air, or by the cooling produced by 
evaporation. Observations should also be made under very 
different thermometric, hygrometric and barometric conditions 
of the atmosphere, which would give approximations to the 
measure of their several effects. 

We have no doubt that the results which will be obtained 
under circumstances when these extraneous disturbing causes 
are at a minimum, will give a residual heating effect due to the 
impact of the falling water, and its determination under these 
conditions is worthy of the attention of any one wh9 has 
the advantage of proximity to the falls and the leisure and 
patience to make the observations. 



4. Fhtsioal Theoby of the Pbincifle of the Lever. By 
W. A. Norton, of New Haven, Conn. 

If it be true that two forces acting upon a lever will hold 
each other in equilibrio if their intensities be inversely propor- 
tional to their lever arms, it is plain that this principle must 
be a consequence of the law or laws, of the lateral transmis- 
sion of force from molecule to molecule of the lever, and 
therefore of one or more ftmdamental principles of molecular 
action consequent upon the disturbance of the natural equilib- 
rium of the molecules. I propose to show that it may in fact 
be deduced from two admitted principles of molecular action. 
These are: 

(1) If two integrant molecules of a solid body, which lie 
within the range of reciprocal action, be forcibly separated 
from each other a minute distance, a mutual attraction or re- 
pulsion will be brought into operation, and if they be urged 
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nearer to each other by an equal minute distance an equal op- 
posite force of repulsion or attraction will come into play. 

(2) The intensities of the forces thus originating are propor- 
tional to the amount of the relative displacement of the two 
molecules, on the line connecting them. 

To these fundamental principles are to be added that of the 
parallelogram of forces, as applicable to the case of two forces 
acting directly upon the same point. 

The principle of the lever presents three distinct cases, 
which require separate consideration. 

1. The Straight Lever ^ tcUh perpendicular forces. 

2. The Straight Lever^ with oblique forces. 

3. The Bent Lever, 

Case i. The Straight Lever^ icith perpendicular forces. We 
will first take the lever of the first order, and consider the 
precise process of transmission of either of the extraneous 
forces acting upon it from the point of ap- 
plication to the Ailcrum. Let a&. Fig. 1, 
represent a vertical line of particles of one 
cross section, or lamina, and cd the contig- 
uous vertical line of particles of the next 
section; and let us conceive that all the 
similarly situated pairs of lines of the two 
cross sections or laminse, are concentrated 
upon ab and cd, so that these lines may 
represent the entire cross sections. 

Suppose that the extraneous force is di- 
rectly applied to the first line, depressing 
it by a smaU amount. If we take one par- 
ticle m' of the first line and consider the actions upon it of two 
particles n^n\ of the second line at equal distances above and 
below it, it will be seen that m' will recede from n a minute 
distance, and approach n' by sensibly the same distance, and 
that the molecular forces brought into operation by these rela- 
tive displacements will be opposite in their character, and 
equal in intensity. Thus, if the recess of m' firom n develops 
a mutual attraction, the approach of m' to n* will develop an 
equal repulsion. The resultant of these two forces acting on 
m' will be directed upward, or from m' toward a. A similar 
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result will be obtained for each pair of particles, n and n', that 
exercise a sensible action on m' ; except that for those situ- 
ated beybnd a certain distance the forces deyeloped^ and con- 
sequently their resultants, will be reversed, or m' will be urged 
downward by the actions of such particles. Since m' is held 
in equilibrium in opposition to the extraneous force urging the 
section oj downward, the entire resultant of all the actions of 
the pairs of particles n, n', of the section cd, on m' will be 
directed upward. The section ab slips upon cd, under the 
action of the extraneous force until this resultant is equal to 
the extraneous force. By our second ftindamental principle 
the amount of this slipping will be proportional to this force ; 
since the actions of each pair of particles, n, n', will be pro- 
portional to this displacement. 

Now if we take any particle n of the section cc2, and con- 
sider the actions on it of two particles m, m', at equal distan- 
ces above and below n, and at the same distances that n and 
n' are above and below m'; then, if the actions of n and n' on 
m' are such as to give a resultant directed upward, the actions 
of m and m' on n, will give a resultant directed downward, 
as shown by the arrows in the figure. These two resultants 
will be equal to each other. It follows, therefore, that the 
entire action of ab on n will be represented by a force acting 
downward equal to that by which m' is drawn upward by the 
action of cd upon it. This force will then be equal in intensity 
to the extraneous force. Accordingly the extraneous force 
will be transmitted from ab to cd; and in the same manner 
from this section to the next, and so on to the point of sup- 
port. The transmission is effected by the slipping of each 
vertical section, or lamina, by the same amount upon the next, 
and so developing reciprocal vertical actions equal to the ex- 
traneous force. 

Let us next seek to determine the longitudinal strains on 
the fibres, developed by the extraneous force in the process of 
lateral transmission just considered. Let ab and cd. Fig. 2, 
represent two Vertical cross sections of the lever indefinitely 
near to each other, of which ab directly receives the force ap- 
plied to one end of the lever. The relative slipping of con- 
tiguous laminae causes the rectangle ahcd to take the figure of 
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an oblique parallelogram, a'h^dd' ; the diagonal ac being short- 
ened, and the diagonal hd being lengthened. It therefore de- 

velopes forces of compression tak- 
ing effect from a' and d toward the 
centre o of the parallelogram, and 
forces of extension taking effect 
from toward 6' and d'. The reac- 
tions to these forces take effect 
from o toward a' and c', and from 6' 
and d' toward o. These reactions 
will urge the points a' and d* 
toward the left, and the points h* 
and d^ toward the right ; and the 
longitudinal strains on the fibres 
a'd' and h'd^ thus originating at 
the angular points of the parallelo- 
gram, will be equal. For, supposing that there are only these 
extreme fibres, and that the diagonals a'd and b'd' are material 
lines, the figure a'h'dd' is to be regarded as a system in equili- 
brium under the action of two equal forces along its vertical 
sides ; that along a'h' being the active force and directed down- 
ward, and that along dd' being the equal reaction of the fixed 
support transmitted todd'^ and directed upward. One-half of 
each of these vertical forces will act at the upper and lower 
comers of the parallelogram. The reactions along the diago- 
nals, above alluded to, will at these points sustain the equal 
vertical forces acting on them, and at the same time develope 
equal longitudinal strains on the fibres a'd' and b'd. Or, 
more directly we may regard the equal vertical forces, at the 
four angular points, as taking effect at the same time along the 
diagonals and along the fibres. This is illustrated in Fig. 3, 
in which the vertical forces soliciting the angular points of 
the parallelogram are represented by the halves of its vertical 
sides, or by equal lines. It will be seen that the longitudinal 
strains developed at these points will be represented by the 
halves of the horizontal sides; and therefore that the entire 
strains on the extreme fibres, due to the parallelogram consid- 
ered, will be represented by these sides, ad and he. If now 
we take the case as it actually is, and regard the entire area, 
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abcd^ as made np of fibres, the only result will be that the longi- 
tadinal strains which, upon the previous supposition, would be 
developed along ad and 6c, will be rig. 8. 

distributed over all the fibres lying ^.'~f^ 

between these extreme fibres and the 
middle one. What the law of the i / 

distribution may be it does not con- 
cern us now to inquire. It is plain 
that the individual strains will de- 
crease from the outer fibres toward 
the middle one, where there will be 
no strain. 

If now we take another vertical 
section indefinitely near to cd, it will 
form with cd another parallelogram, 
the vertical sides of which wiU be 
solicited, in opposite directions, by 
the same forces as those of the paral- 
lelogram just considered. The same 
strams as before will therefore be 
developed along the upper and lower 
fibres by these forces. The same will 
be true of each successive parallelo- 
gram into which the arm of the lever may be divided. The 
actual strain along any one continuous fibre, at the frdcrum, 
will therefore be equal to the strain on this fibre developed 
by any one of the parallelograms, multiplied by the number of 
parallelograms in the extent of the arm of the lever. Now if 
we suppose the two lever arms to be of unequal length, what- 
ever may be the comparative intensities of the two forces that 
balance each other, each will give rise to a slipping of contig- 
uous vertical sections, or laminae, of its lever arm, proportional 
to those intensities, and so develop longitudinal strains on any 
fibre, in the extent of any single parallel<^am considered, pro- 
portional to the same. Let p and q represent these propor- 
tional strains on a single fibre, and P and Q the forces applied 
to the lever, then p:q:: P: Q. Let m represent the arm of 
lever of P, and n that of Q. The number of equal parallelo- 
grams contained in these lever arms will be proportional to 
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their lengths, m and n. The strain on the fibre considered, at 
the Mcrum, resulting fW>m the action of P, will then be de- 
noted by pm^ and that resulting from the action of Q by qn. 
But the equilibrium requires that these directly opposite strains 
should be equal ; and therefore pm := qn. Hence p:q::n : m; 
and therefore P: Q::n : m. 

Since each of the forces P, Q, is transmitted to the Ailcrum, 
by the slipping of each vertical section of the lever on the 
next, without change of intensity, the pressure there will be 
equal to the sum of P and Q. 

The theory of the lever of the second order, as well as of 
the third, is essentially included in that of the lever of the first 
order ; since the reaction of the ftilcrum of the latter may be 
replaced by an active force, and either of the forces P, Q, by 
the reaction of a Ailcrum. 

Case ii. Straight Lever with oblique forces. Let A B, Fig 4, 

represent the lever, and P, Q, forces obliquely inclined to it,— 

Fig. 4. the system being in 

equilibrium about 

/ 1\ some fixed point in- 

\ \ termediate between A 

\ and B. Produce P 

\ and Q to their point 

^-- ' of intersection C, and 



7^ 



Vp^ I I V/-^ tion of their resultant 

Q,V \, J2, supposing them, 
<< for the moment, to 
n''' act at C. Wherever 

the fulcrum may have to be in order that P may balance Q, P 
and Q will be transmitted to it, by the process of molecular 
lateral transmission that has been explained, without change 
of direction or intensity, and therefore give a resultant pres- 
sure, R\ on it, having the same intensity and direction as E 
acting at *(7. Decompose P and Q as shown by the arrows, 
and suppose R' to be similarly decomposed into the compo- 
nents Bi perpendicular to the lever, and B^ lying in ^it. Then, 
since R' is the resultant of P and Q transmitted to the ful- 
crum, we have Qa— P,= JK,, and Pi+ Qi=^Ri. Thus Pa and 
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Qa are neutralized by the component of the reaction of the 
fulcrum (which is equal and opposite to E') in the direction of 
the lever ; since this component is equal and opposite to B^. 
It follows, therefore, that the two components, Pi and Qi, per- 
pendicular to the lever, will balance each other about the ful- 
crum. It now remains to be seen where the fulcrum must be * 
situated, in order that Pi may balance Qi. From F^ where the 
line of direction of 12, through (7, cuts AB^ draw FD and 
FE, perpendicular, respectively, to P and Q, then by the 
parallelogram of forces, P: Q::FE:FD; — and therefore P 
and Q may be represented hj FE and FD. Now Pi ^P sin 

a, and Qiz= Q sin fi; and sin a=-y^^ and sin )5 = -^^. 

Hence P,=:P^, and Q,= Q^; or P, = FE^, and 

Qi = P2>4f. Therefore Pi; Qi;;P^^;P2>-|f;;-^ 

:'Yj::FB:FA. The ftilcrum is therefore at the point P, 

where the line of direction of the resultant 12, of the forces P 
and Q supposed to act at (7, cuts the lever. But we have al- 
ready seen that P; Q ; ; FE : FD. Hence these forces are in- 
versely proportional to their iig. 6. 
technical lever arms, FE and 
FD. As P and Q are trans- 
mitted to the fulcrum without 
change of direction or inten- 
sity, the pressure on the fiil- 
crum will be equal to B. 

Casb m. The Bent Lever. 
Let P and Q, Fig. 5, be two 
forces acting on two points 
A and ^ of a body of indef- 
inite extent, capable of turn- 
ing about a fixed point P, 
situated in the plane of the 

lines of direction of P and Q. Produce these lines of direc- 
tion to their point of intersection G; and flx>m F draw the per- 
pendiculars FA and FB. Divide FG into an indefinitely 
great number of equal parts, and from the points of division 
draw parallels to FA and FB. Let us first suppose that the 
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point C falls within the body, and that this is of uniform thick- 
ness in a direction perpendicular \k} ACBF^ and has the form 
ACBF. The perpendiculars to P and Q, fipom the points of 
division of F C, will divide the body, conceived to be repre- 
sented by the area A CBFy into an indefinite number of similar 
portions of the bent lever form, with the points of intersection 
of the two arms on the line CF. Now let a represent the cross 
section of any one of these, on the line of P, and b the cross 
section of any one on the line of Q. P will be equally dis* 
tributed over the entire cross section A C, and Q in the same 
manner over B C. Let p and q denote the fractional portions 
of P and Q'that take effect at the ends of any one of the bent 
lever portions of ACBF, If we consider any one of these 
portions by itself, it will be solicited by the forces p and 9, 
and be in equilibrium under the operation of these forces and 
some portion of the reaction E'y to the pressure 12, on the 
fhlcrum, produced by P and Q. They will be transmitted in- 
ward by the slipping of contiguous sections, and neutralized 
by a certain portion of B^ transmitted along its line of direc- 
tion ; and the point in which this line intersects the bent lever 
portion under consideration must be its virtual Mcrum. Now 
if we consider the bent portion next to C, its fhlcrum must be 
indefinitely near to C; while that of the first elementary bent 
lever, AFB^ lies at F. But all the fhlcra of the elementary 
levers must lie on the line of direction of JS^ which passes 
through F. Hence, as G is the Mcrum of one of these levers, 
this line of direction must also pass through 0. Now the 
direction of E' is opposite to that of the resultant 12, of P 
and Q supposed to act at C; since B' neutralizes P and Q 
transmitted, without change of direction or intensity, to F. 
Therefore, as its line of direction passes through C7, it must 
coincide with the line of direction of the resultant E^ of P 
and Q supposed to take effect at C It follows, then, that the 
fulcrum, P, lies on this resultant. But, by the principle of 
parallelogram of forces, we have, for any point, F on the re- 
sultant, the proportion P:Q::FB:FA. 

N^ow suppose aportion, Cmrn^ of the body -405 P, to be 
removed ; the equilibrium will not be disturbed, since the only 
effect will be to augment the intensities of the fractional parts 
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of F and Q that act on the elementary bent levers of the re- 
maining portion, mrn BFA^ without altering their ratio. 
Hence the forces, P, Q, which act on a bent lever and hold 
each other in eqnilibrio, are inversely proportional to their 
lever arms. 

It will be seen from what has been stated, in what manner 
the forces P and Q become neutralized by the action of B'^ or 
the reaction of the fvkrum. Even when their point of inter- 
section, (7, falls within the body, they cannot .be regarded as 
actually transmitted to C, and taking effect wholly there in 
opposition to R' transmitted and taking effect wholly at the 
same point. As a matter of fact it is only an infinitesimal 
portion of each force that operates at C. An equal indefi- 
nitely small portion, p^ g, or r, acts upon each elementary 
lever ; and each triplet of forces taking efffect on each element- 
ary lever, counteract each other. In other words, the forces P 
and Q, instead of taking effect by direct transmission, wholly 
either at G or F, are actually distributed along the whole 
length of the portion of the line i^C that falls within the lever, 
and are there neutralized in equal elementary portions, by the 
corresponding elementary portions of R'^ transmitted to the 
same points. 

K we suppose the body on which P and Q act, to have an 
indefinite extent, the only portion whose molecular forces will 
be called into play, in the transmission and counteraction of 
the forces, will be that comprehended within the lines of direc- 
tion of P and Q. This will comprise the part AGBF 
already considered, and another part lying on the other 
side of AFB^ that is on the side toward which P and Q 
solicit the points A and B. This part may be subdivided into 
elementary bent levers like the other, and its existence will 
have no other effect than to diminish the absolute values of p^ 
g, and r, the triplet of forces answering to any one of the 
whole number of elementary levers, into which the entire poi^ 
tion of the body that lies within the lines of direction of P 
and Q is divided. It will be observed that for each element- 
ary lever of this part, the resultant of the forces p and q will 
take effect upon the fixed point i^, as a force of traction, 
instead of as a force of pressure, as in the case represented 
in Fig. 6. 



Digitized by 



Google 



78 ▲. MATHBMATIGS, PHYSICS, AND OHBMISTBT. 

We thus arrive at the general principle, that if two forces, 
whose lines of direction when produced intersect each other, 
are applied to a body capable of turning about a fixed point in 
the plane of these lines, these forces will be in equilibrio, pro- 
vided the atoUiccU momeiU of the one force %8 equal to thai of the 
other. 



III. ASTRONOMY. 

1. Spectrum Observations at Burlington, Iowa, durxng 
THE Eclipse of August 7, 1869. By C. A. Young, of 
Hanover, N. H. 

The instrument employed was the same referred to in my 
next paper "on the use of the spectroscope in observing con- 
tacts at a solar Eclipse." A comet seeker of four inches 
aperture and thirty focal length, throws, by the help of an eye- 
piece, an image of the sun, about two inches diameter, upon 
the slit of the spectroscope. The collimator and observing tel- 
escope of the spectroscope, made by Clark, have each an aper- 
ture of two and a quarter inches and a focal length of about 
seventeen inches. The dispersion is produced by a train of 
five heavy flint glass prisms with angles of 45^, each, and faces 
two and a quarter by three inches. They give a refraction of 
lQb° (for the D Une) and a dispersion of about 18"^ from A to 
H. The eye telescope is carried over the spectrum by a tan- 
gent screw, but all determinations of the positions of lines 
have to be made by a micrometer in the eye-piece. The instru- 
ment is provided *with an arrangement for throwing an air 
spectrum formed between platinum wires by the spark from an 
induction coil, into the field of view along side of the spectrum 
under observation. 

While the eclipse was coming on, special attention was 
directed to the moon's limb, in order to detect if possible indi- 
cations of an atmosphere. The results were solely and re- 
markably negative. The dark lines of the solar spectrum 
came up squarely and exactly to the moon's limb without the 
slightest curvature or distortion, whether the slit waa tangent 
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or perpendicular to it. The contrast in appearance between 
the limb of the son and that of the moon was very striking. 
When the image of the sun's limb was brought to the middle 
of the slit the line of demarkation between the bright and dark 
portions of the spectrum was always more or less hazy, how- 
ever carefully the instrument might be put in focus ; different 
portions of the limb also differed very much from each other 
in this respect, some being far less sharp than others; but 
when the moon's limb was similarly placed it was as sharp 
as could have been drawn with a pen. Of course the cloud- 
like nature of the solar photosphere accounts for its com- 
paratively indefinite outline.* Secchi's continiums spectrum at 
the edge of the sun I have never seen; the stratum which 
produces it (if there is such a stratum) must have a thickness 
little if at all exceeding 1". During the totality there was in 
the field of the spectroscope a faint continuous spectrum, un- 
doubtedly from the corona, without any visible traces of dark 
lines ; a fact rather surprising, considering the polarization of 
this light, which was so complete that when the axis of a tour- 
maline, held in the hand over the eye-piece, was placed parallel 
to the limb of the sun the faint spectrum nearly vanished. 

Upon this spectrum were superposed a number of bright 
lines when the image of a prominence was thrown upon the 
slit. Nine of them were seen by me, viz. : (7, jff", 1017.5 (near 
D) and which for convenience I will refer to as the D^ line ; a 
faint line near 1250 -K'(by estimation), another faint line about 
K 1350 (also by estimation), a conspicuous line K 1474 (3503 
of my scale) just below j&, F; a pretty conspicuous line at K 
2605 ±2 (by measures), K 2796, just below G, and h. I 
did not see any line at 6, but presume it was passed over 
without proper examination in the manner I will presently ex- 
plain. There can be no doubt I think, that it was conspicu- 
ous enough in the great prominence on the TTedge of the sun, 
as seen by others. But in sweeping along the spectrum with 
my tangent screw beginning at 0, 1 noticed on coming to the 
1474 line that it extended dear across the spectrum which was 
not the case with the C and D lines, since the protuberance on 

* This polarization may have been produced, as suggested by Prof. Pickering, 
by the suocessiye refractions at the flices of the prisms. 
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the SE limb then on the slit only had a height of about 1^'. 
(The slit is 2' 5^" in length.) This fact at once arrested atten- 
tion and led to the suspicion that this line, JST, 1474 (which I 
first noticed in July, and described in the last number of the 
Journal of the *^ Franklin Institute," published a few days be- 
fore the eclipse) was not a protuberance line at all, but due to 
the corona; and on moving the slit of the instrument entirely 
off from the protuberance this line remained, while the golden 
2>3 line disappeared. 

It now became necessary, on account of the moon's advance, 
to bring the other side of the sun's image to the slit by the right- 
ascension screw ; and I imagine that while the assistant was 
doing this I continued to cany along the spectroscope-tele- 
scope by its tangent screw, thus passing over the region of &, 
while the telescope was pointed nowhere in particular. But I 
am ashamed to say that I have no recollection at all about it, 
nor can I recall distinctly the behavior of the two faint lines 
between D and Ey though my strong impression, as recorded 
immediately after the eclipse, was that they also were, like> 
1474, corona lines. The line Ky 2602, had its position deter- 
mined by micrometrical reference to JST, 2796, and just as that 
measurement was completed the sun came out, and all the 
new lines, not previously observed in frill sunlight, instantly 
disappeared. The feeling of chagrin and surprise at thus be- 
ing cut short was almost overpowering — the sense of wasted 
opportunity and personal imbecility. No line was seen at Ky 
660, below O, where I have twice before seen and measured one. 
I saw nothing of the difference between the spectra of the dif- 
ferent prominences reported by some of the observers, but as I 
observed one part of the spectrum with one prominence in the 
slit, and the rest with another, it need not be wondered at. 
While the great dispersive power of my instrument gave great 
advantage for the observation of faint lines, and the accurate 
determination of position ; it had also great disadvantages in 
the smallness of the field, and the time required for an explora- 
tion of the whole spectrum. 

But I wish to call the special attention of the section to 
another point in this connection. The line JST, 1474, in the 
corona spectrum coincides with a line in the spectrum of the 
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Aurora Borealis reported, by Prof. Winloek, in the last number 
of "Sillunan's Journal," at 1560 of Huggins' scale, as nearly 
as I can determine by the comparisons of the two scales given 
in Prof. Gibbs* recent paper on wave lengths by the method of 
comparison. If the lines do not absolutely coincide, the dis- 
tance between them can hardly equal one division of either 
scale. The first Aurora Borealis will enable any one, with a 
spectroscope, to settle the matter accurately by measuring the 
distance from b (produced by burning a bit of magnesium 
before the slit) to this line. I have been very much disap- 
pointed at not having had an opportunity to do this before 
reading this paper. Furthermore, two other of the five Aurora 
lines reported by Prof. Winloek, viz. : 1280 and 1400 of Hug- 
gins' scale agree, fully within the limits of error, with the two 
faint lines between D and E, which I suppose are also corona 
lines. Taking these facts in connection with the peculiar radi- 
ating structure of the corona and some of the prominences, 
and their rapid changes of form and brilliancy, does it not be- 
come very probable that our own Aurora Borealis, and these 
wonderful emanations from the sun are kindred, if not identi- 
cal pheonomena ? 

Possibly, hereafter, spectroscopic observation of the promi- 
nences, and of the intensity of this corona line, which though 
rather difQcult in my instrument could be easily observed with 
one of higher dispersive power, may lead to farther light when 
combined with magnetic observations. 

This line is given by both EirchoflT and Angstrom as an iron 
line, though faint and very close to two other much more con- 
spicuous lines produced by the same substance ; the same is also 
probably true in respect to the two other lines of the corona, 
which appear to coincide with lines given as iron on the charts. 
It is certainly worth inquiry if there is not some misconception 
in this, and whether, since iron can scarcely be conceived to 
exist in a gaseous state in those terrestrial regions where the 
Aurora Borealis resides, it may not always have associated 
with it some other substance, which also can exist separately 
as a gas of inconceivable tenuity. But this belongs to the 
chemists. 

I ought to add here, that since the preparation of this paper 

A. A. A. S. VOL. XVm. 11 
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Prof. Winlock has informed me that he has thought of, and 
pablished, the same idea as to the probable identity of our 
Aurora and the Corona, though not based on any comparison 
of spectra. 



2. On a New Method of Observing the First Contact 
OF THE Moon with the Sun's Limb at a Solar 
Eclipse by means of the Spectroscope. By C. A. 
Young, of Hanover, N. H. 

At the recent solar eclipse, observed by the writer at Bur- 
lington, Iowa, as a member of the party, under the direction of 
Prof. Coffin, Superintendent of the American Nautical Almar 
nac, the instant of the first contact was determined by means 
of the spectroscope, in a manner which is believed to be 
entirely noVel and to admit of much greater accuracy than has 
ever been attainable heretofore in this kind of observation. 

In the instrument employed, a telescope of four inches aper- 
ture and about thirty inches focal length (a so-called comet- 
seeker) was an-anged to throw an image of the sun about two 
inches in diameter upon the slit of the spectroscope. The slit 
is one-eighth of an inch long ; its width adjustable. A circu- 
lar plate of brass about two and a half inches in diameter, 
with a hole also one-eighth of an inch in diameter at its centre, 
was attached by a hiuge in such a manner that it could be 
turned down over the slit ; it was covered with paper and grad- 
uated by radiating Lines into angles of 10°, and fmnished the 
means of briuging on the slit the portion of the sun's limb 
which was indicated by calculation as the point of contact. 

A train of five flint glass prisms, with refracting angles of 
45° formed the spectrum which was viewed by a telescope of 
two and a quarter inches aperture (the same as the col- 
limator) and about seventeen focal length, with a magnifying 
power of eighteen. The spectrum, referred to the limit of dis- 
tinct vision, was about one and three-fourth inches wide by 
four feet long. The whole arrangement was mounted equator- 
ially, with slow motipu screws, etc, I have been somewhat 
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particular in describing the instrument as it is likely the 
method about to be presented for your consideration might 
prove impracticable with a single prism instrument. High 
dispersive power is neccessary. The equatorial mounting is 
also important. 

When now the image of the sun's limb is made to bisect 
the slit at right angles or nearly so, the spectrum will present 
something the appearance indicated in the diagram. One-half 
(formed by the sun) will be brilliant, the other will be com- 
paratively dark, being formed mostly by the light reflected 
from the air in the sun's immediate neighborhood. The spec- 
trum of the sun's chromosphere, however, is superposed upon 
the air spectrum and becomes visible in certain bright lines, 
especially the C line, which is by fai* the most easily observa- 
ble; and the effect is this: most of the dark lines extend 
clear across both portions of the spectrum, the dusky as 
well as the brilliant ; not so with the C line. This is intensely 
black on the brilliant portion of the spectrum, but is continued 
in the dusky portion by a little needle of brilliant red light, of 
a length ranging in my instrument from an eighth of an inch 
upwards. When a protuberance is in the slit it often reaches 
clear across, but generally is not more than a quarter of an 
inch long. In other words, the G line instead of simply ex- 
tending across the whole spectrum like the other lines, has a 
portion of its length, beginning at the boundary between the 
bright and dusky portions and extending into the dusky por- 
tions, replaced by a bright line. This bright line is usually 
somewhat pointed at the outer end. 

Now suppose that the portion of the limb on the slit is that 
where the moon is to strike. As the depth of the chromo- 
sphere is seldom less than ten to fifteen seconds of arc, the 
moon will reach its outer edge some twenty or thirty seconds 
before the time of true contact with the sun's limb, and the ob- 
server will see the little red needle which I have described; 
first squarely truncated, — its point cut off — and then gradu- 
ally and steadily shortened until at the instant of actual con- 
tact it disappears, and the G line becomes exactly like its 
neighbors. The observation in this way is as easy and certain 
as that of the transit of a moderately slow star. I do not 
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think an error of more than half a eecond poBsible with reason- 
able care, and it ought to be less. 

At the eclipse of August 7, 1 saw in the manner I have de- 
scribed, the moon's approach to the sun's limb, and noted its 
contact about five seconds earlier than any of those who were 
observing by the ordinary methods, and differed among them- 
selves some ten seconds. I have been much gratified also to 
learn from Prof. Mayer, who had charge of the photc^aphic 
operations of our party, that the time of first contact, deduced 
by measurement and computation fh)m a photograph taken as 
soon as possible after the contact had been signalled to him 
from the other observers, agrees with my own observation 
within three-tenths of a second. 

The same method would of course apply with slight modifi- 
cations, to the observation of the other contacts, but I am not 
aware that it presents an}** advantage over the older methods. 

I desire to call special attention to the applicability of this 
method in the approaching Transits of Venus. Undoubtedly 
the atmosphere of the planet, and irradiation will interfere 
with its accuracy to some extent, but I think no more than 
with other methods, and it must certainly be much to the 
observer's advantage to be able thus to perceive^ if he cannot 
be properly said to «ee, the planet before she strikes the sun, 
and watch her approach. 

At the internal contact also, I think the sudden formation of 
a long horizontal line of light extending the whole length of 
the spectrum would be a much better phenomenon to observe 
accurately than the rupture of the black ligament, about which 
so much has been said in this connection. 

I cannot help feeling that this method of observation ought 
to be provided for in any expeditions that may be sent out to 
observe the Transits.* 

* Having lately received the volnme of the Comptes Rendut of the French Acad- 
emy of Sciences for the first half of the current year, I find that I have been antici- 
pated by M. Faye in respect to this method of obserring the contact of an opaqne 
body with the disc of the sun. At the session of Monday, January 11th, 1800, in a 
discussion upon the obserration of the coming transit of Venus, he proposed 
essentially the same use of the spectroscope which I have described in the foxegoiog 
article. 
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8. Observations on the Eclipse, with an Arago's Polari- 
scoPB AT Mt. Pleasant, Iowa. By Edward C. Pick- 
ering, of Boston, Mass. 

Observations of previous eclipses have led to the belief that 
the light of the corona is polarized in planes passing through 
the centre of the sun, and therefore that it shone by reflected 
light. It was with the expectation of verifying these views 
that I prepared an Arago's polariscope to observe the recent 
eclipse. This instrument consists of a tube closed at one end 
by a double image prism of Iceland spar, and at the other by a 
plate of quartz. Looking through the spar we see two images 
of the quartz of complementary colors (in this case blue and 
orange) when the light is polarized. Although this polar- 
iscope is somewhat less delicate than that of Savart, yet it 
enables us to determine the condition of the light emanating 
from every part of an object, by noting the color of its image. 
If, now, the corona was polarized as above described, in one 
image the upper and lower parts would be blue, those on the 
right and left yellow; while in the other image these colors 
would be reversed, the yellow above and below, and the blue 
on the sides. In reality the two images were precisely alike, 
and colorless. But one was on a blue^ the other on* a yellow 
background. Consequently the corona was not polarized. 
This does not prove that the corona is self-luminous, as the 
light reflected by the clouds is unpolarized, and in general 
polarization is produced by specular, and not by diflhse reflec- 
tion. The colored background proves that the sky close to the 
corona was strongly polarized in a plane which was independ- 
ent of the position of the sun, since it was the same on all 
sides of it. 

The following explanation of this curious effect is suggested. 
The earth beyond the limits of the shadow is strongly illumi- 
nated and acts as an independent source of light. The reflec- 
tion of its light by the sky, would produce the effect just 
described. 

The corona was also examined by a double image prism of 
spar, and by this, also, was seen to be unpolarized. 
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IV. ELECTRICITY. 

1. Causes of the Failure of Lightning Bods. By James 
BusHEE, of Worcester, Mass. 

Perhaps few subjects can be deemed of greater practical in- 
terest to the public than that of protecting life and property 
from the effects of atmospheric electricity. 

Since the time of Franklin, the well known metallic rods 
have been used in this and other countries, as a means of se- 
curity, and scientific men have very generally, if not univer- 
sally, acknowledged their utility, when the laws of electricity 
are properly regarded. 

In this section of New England,* thunder storms are com- 
mon during the summer, and sometimes very violent, while 
certain localities seem to be more especially exposed to fre- 
quent and powerful electric discharges. 

In some casual observations of the effects of lightning, my 
attention was called to the significant fact that a large majority 
of the buildings injured by lightning had rods attached to 
them for the purpose of protection. 

Instances were not unfrequent where dwelling houses, with 
rods, were ^^ struck" and damaged, while those in the immedi- 
ate vicinity, without rods, escaped unharmed ; sometimes houses 
with no rods have stood many years uninjured, but soon after 
the application of rods they have been struck by lightning. 

Such facts have led some candid and intelligent persons to 
doubt the eflaciency of lightning conductors, while others have 
been induced to reject them altogether as wrong in principle 
and dangerous in practice. But error in the interpretation of 
phenomana, or in the application of a scientific truth, does not 
invalidate the integrity of the principle itself. The fundamen- 
tal idea of Franklin is doubtless correct, and the unfavorable 
results so often witnessed are but the legitimate fruits of 
wrong application. If so it is evident the cause of failure 
lies in defects which have a potential remedy, and that too in 
the tmthfrdness of the very law which is often uigustly made 
^Worcester, MaM. 
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responsible for consequences — for the evils invariably disap- 
pear just in proportion as we are enabled to fulfil the highest 
conditions of that law. 

What then is the cause of the many casualties from light- 
ning where rods are used ? 

With the view of meeting this enquiry I have made it a 
special point for sev;eral years past to examine, as careflilly as 
I could, the principal accidents which have come to my knowl- 
edge in Worcester and vicinity ; also various cases of interest 
in other localities. 

From obvious results of observation it appears: — 1. That 
buildings have been struck in numerous instances, and more or 
less damaged, with all the different kinds of rods commonly 
used in New England, irrespective of form, style or material — 
whether of iron or copper — not, however, that all are equally 
defective, or that all are constructed with equal fidelity and 
scientific skill, but none have completely fulfilled the object in- 
tended. 2. That the leading defects of rods in general, and 
the cause of failure to protect buildings, are due, in part, to 
their construction and arrangement, but principally to their im- 
perfect connection with the ground^ and the inadequate conduct- 
ing power of the materials with which the rod cornea in contact. 

As regards the construction and application of the rod the 
directions usually given by good writers on the subject are all, 
perhaps, that could be desired, if they were properly observed 
by constructors ; but first principles are too often sadly over- 
looked in the outset — besides the rod is liable to become de- 
fective by long neglect. The joints should be kept in perfect 
contact to preserve the entire continuity of the conductor. If 
the rod is badly rusted, especially the part connected with the 
ground, its capacity for conveying a heavy chaise is materially 
impaired. When the tip of the rod becomes oxidated and 
blunt the charge is liable to become more sudden and disrup-i 
tive, whereas a sharp and perfect point receives the electricity 
gradually and begins to effect a discharge at a greater distance, 
giving time for the whole charge to be harmlessly conveyed to 
the earth. 

Short crooks towards the building, and abrupt changes in 
the size or conductivity of the rod, tend to induce lateral dis- 



Digitized by 



Google 



88 A. MA.THEMATICS, PHTSICS, AKD CHEMISTRT. 

charges. The rod should not diminish in size or capacity from 
the top downwards, but rather increase in conducting power as 
the charge descends. 

An objectionable feature in the application of the rod ap- 
pears where two or more receiving points are erected upon the 
roof, and terminated in a single rod extending to the ground, 
or where the rod is turned upward firom the point, over some 
higher parts of the roof, even higher than the point itself. 

In such cases it is found that the lateral discharge usually 
takes place at the lowest point of the bend, or at the point of 
Junction where two or more rods terminate in one. 

Independent of any hypothesis, as to the nature of electri- 
city or its mode of action; whether any distinct fluid ever 
passes up or down the rod in case of a thunder storm ; or 
whether all the effects witnessed are due simply to induction 
and polarization, there is no less actuality and power in its op- 
eration. The agency with which we have to deal is no less real 
or tangible in its effects. We may therefore regard electrical 
phenomena as the result of a dynamic force which bears a strik- 
ing analogy, in some respects, to other forces that are governed 
by well known dynamic laws. So far then, as this analogy 
holds, it may lend some aid in forming correct conclusions. 

Suppose for example a rod has two arms, or branches, 
erected perhaps upon the chimneys of a house, and forming a 
connection with the main rod somewhere on the roof; and sup- 
pose, also, that the electric force is conceived to act from the 
top downwards, requiring time for its transmission through the 
rod. Now should a heavy charge be received at the same time 
upon both arms of the rod, the two electric forces pursuing 
the irrespective channels of conduction, rush together at the 
point of junction, where, for an instant, the intensity is greatly 
increased, while the single rod below this point being no larger 
than either branch, and having but half the conducting power 
of both, is una*ble to carry the double charge so suddenly im- 
posed upon it, and hence a portion of the burden is forced to 
seek an unnatural channel of escape, through the building. 

A moderate charge even, which the capacity of the rod might 
easily convey, under favorable circumstances, may became so 
intensified at certain points, by a sudden augmentation of elec- 
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tricity — as by the meeting of opposite currents, or an abrupt 
reduction of conductivity — that a lateral discharge would en- 
sue before requisite time could elapse for the electric force to 
adjust itself to the new condition of things. This arrange- 
ment appears to be equivalent to reducing at once the conduct- 
ing power of the rod to half its former dimensions.* 

The second and principal cause of failure xe due to the defec- 
tive mode of connecting the rod with the ground; the inadequate 
means provided for the escape of the charge from the conductor 
into the earth. 

It is a common practice to run the rod into the ground from 
four to six feet, or until it is supposed to reach the moist earth, 
and this is generally considered quite sufficient for all practical 
purposes, and the numerous agents employed by different 
manufacturing companies to supply rods throughout the coun- 
try, seem to believe that when thus much is done their duty is 
fhlly accomplished, and that the rod can then be left, in good 
€aith, as a safe and reliable protection. 

It is well known that loam, sand and gravel, are compara- 
tively poor conductors of electricity, and experience proves 
that these materials, in the ordinary modes of fitting the rod, 
furnish very inadequate means of conveying a heavy charge to 
the earth. 

There is generally no enlargement or extension of surface 
where the conductor enters the ground, but merely a continua- 
tion of the same rod used on the building, thus presenting a 
very limited surface to partial contact with imperfect conduct- 
ing materials. It is true a light charge under such circum- 
stance may be safely carried away, but when the cloud furnishes 
a copious supply of electricity and the point is in a perfect 
condition, the rod receives the charge with great facility, and 
if its passage to the earth is opposed by inferior conductors, a 
disruptive ^scharge through some part of the building would 
naturally follow. 

•The defects of this airangement, so flur as the above remarks are designed to 
be more especially applicable, appear more prominent when other deflBCts exist; 
when the tip of the rod is imperfect, and the charge enters upon it more or less 
abruptly, or when the resistance at the earth prevents a free escape of the charge. 
If the rod were in a perfect condition, in other respects, accidents from this oon- 
Btmction would perhaps rarely if ever ocoor. 
A.A.A.S.VOL.XVin. 12 
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If the rod were perfectly insulated it would receive the elec- 
tricity as before, but in this case the whole charge would leave 
the rod by an explosive discharge. Again were the rod par- 
tially insulated, that is connected with the earth by poor con- 
ductors, then a part of the charge would be gradually and 
silently transmitted through these conductors while the surplus 
would escape by explosion. 

The relative power of the point to receive, and of the ma- 
terial connected with the rod to impart electricity, is a practical 
question in its bearing on this subject, and worthy of more 
careflil attention than it has generally received. 

Where the resistance is very considerable, as it always must 
be when the rod is merely inserted in the ground as usual, the 
points receive electricity from the clouds with greater freedom 
than it is discharged to the earth, and the liability of accident 
increases in proportion as the receiving power of the rod ex- 
ceeds the discharging power. A way is opened through the 
pointed conductor for a free passage of electricity from the 
cloud to the rod, but the channel of escape to the earth is prac- 
tically closed. 

The rod thus becomes, so to speak, a reservoir of intense 
electric force, and when the tension is increased beyond certain 
limits the surplus charge, yielding unwilling obedience to forced 
circumstances, breaks away fh)m its proper channel.* 

In such cases the tip of the rod is often burned or ftised, the 
glass insulators, if such are used, broken and thrown from their 
places, and frequently the groimd where the rod enters more 
or less disturbed and torn up. 

The point of lateral discharge may be determined by various 
circumstances ; — by a short bend in the rod towards the build- 
ing ; by the junction of two or more branches of the rod ; by 
the near approach of a good conductor, as a bell wire, or gas 
pipe, etc. ; stove pipes, iron ware, etc., stowed away' near 
where the rod passes. 

These remote influences, however, must not be mistaken for 
the primary cause of the casuality. In case of the explosion 

•This condition of the rod may be oonceiyed, as somewhat analogous to the 
hose of an hydraulic engine, with a forcing pump plying at one end whUe the 
other end, instead of admitting a free ouUet for the water, Is firmly closed except 
Bome lateral apertures. 
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of a steam boiler, under extreme pressure, the slightest irregu- 
larity in the uniform thickness or strength of the boiler would 
be sufficient to determine the point of rupture. So when a 
lightning conductor is subjected to all the charge it can bear, 
in consequence of resistance at the earth, a very slight circum- 
stance would turn the balance of force in favor of a lateral dis- 
charge. 

There is, indeed, good reason to believe that nine-tenths of 
the cases noticed, where the rod has failed to accomplish its 
purpose, are really due to an overcharge^ caused by tke resist- 
ance of the passage of electricity into the earth. 

In the most severe disasters the rod is invariably found to 
be very imperfectly connected with the ground, being usually 
much oxidated, and often extending not more than two or 
three feet into dry earth, or into sand or gravel nearly dry, by 
which its conducting communication with the ground is almost 
entirely destroyed. 

But the general effects are observed to be less and less 
marked, as the condition of the rod is improved and resistance 
to a free exit of the charge diminished. 

There are three kinds of rods very common in New England, 
viz. : Lyon's Patent Copper Rod, the North American Light- 
ning Rod -^galvanized iron, and the Quimby Rod, made of 
small nail rods in their rough state. 

Perhaps a less proportion of serious accidents have occurred 
with Lyon's rod than with either of the others mentioned, yet 
more than eighty oases of this rod have been reported from 
Worcester county alone, where slight damage occurred, or more 
or less evidence appeared that a charge had passed the rod. 

Sometimes the scorching or burning of leaves and grass near 
the rod would be the only traces of electricity visible. In other 
cases the ground about the rod would be more or less disturbed 
and torn up, or the house perhaps slightly injured by a charge 
passing on to the sill, tearing off some clapboards, splitting the 
timber, and finally disappearing in the cellar or making its es- 
cape outside through a pool of water left by the recent shower. 

Such phenomena are of very frequent occurrence, and clearly 
point to the same ultimate cause of disaster — the ground re- 
sistance. 

In these oases the rod seemed to perform its flmctions so far 
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as it could. The charge was conveyed IVom the clouds to the 
earth but was arrested in its progress into the earth, and in 
forcing a passage to better conductors produced the effects ob- 
served. 

The tendency of a charge to leave the rod is greater at or 
near the point of greatest resistence, and the various effects of 
an overcharge, so very generally exhibited at the lower portion 
of the rod, sufficiently indickte the primary source of failure. 
While it is quite unnecessary to detail individual cases for the 
sake of farther illustration, a single instance of remarkable 
mechanical effect upon the rod may be briefly stated. 

Lyon's patent consists of a copper ribbon so folded or 
crimped that the cross section forms an S. The rod is then 
twisted once in twelve or fifteen inches in order to give it 
greater firmness. 

In the summer of 1859 this rod was placed upon a new 
house in North Brookfield, Mass., and was terminated in the 
embankment formed by sand and gravel thrown out of the cel- 
lar, but was not carried deep enough to reach the original soil. 
During the summer this gravel, so far as the rod penetrated, 
became very dry, and in this condition the rod was subjected 
to a severe charge of electricity. The consequence was the 
twist was completely taken out of the rod throughout its entire 
length, and the folds or flanges brought firmly together as if by 
the force of a hammer or the pressure of heavy rollers. The 
charge escaped where the rod entered the ground, throwing up 
large quantities of dry earth and making a deep furrow some 
fifteen or twenty feet in length, as if a large plow had passed 
through the ground. The house remained uninjured, no part of 
the charge having left the rod till it reached the earth. This 
indeed is au extreme case, and so far as I know unparalleled in 
some of its effect, yet it is but a more forcible illustration of 
the point in question — the ground resistance. Here is the 
main idea designed to be brought out in this part of my paper, 
and the prominent cause, no doubt, of the numerous casualties 
so dishonorable to the confidence and good faith which light- 
ning rods should justly merit. 

It now remains to consider the best means of removing the 
^< cause of the failure of lightning rods," This will form the 
subject of another paper. 
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2. Conditions op i. Perfect Lightning Rod. By James 
Bushes, of Worcester, Mass. 

While considering the defects of a lightning rod in a former 
paper, the necessary conditipns of a perfect security have been 
in some degree anticipated. 

A rod performs its functions when it conveys the heaviest 
charge from the cload to the earth without sensible effects ; 
but in order to remove all liability of accident it should be 
capable of doing more than this. 

No machine can be worked to its utmost capacity without 
hazard. The rod should always have some working capacity 
in reserve. The whole charge ought to pass to the earth with 
such perfect freedom as to avoid high intensity in any part of 
the rod, thus rendering a lateral discharge impossible, or ex 
tremely improbable. 

If the earth were a perfect conductor of electricity nothing 
more would be necessary to secure the requisite conditions 
than simply to connect the rod with the ground. But since 
there is a wide contrast between the conducting power of the 
earth and that of the rod, and since this affords sufficient 
cause, as proved by observation and experiment, to obstruct 
and divert the charge, or a portion of the charge, from its 
proper channel, it follows that the elements of a perfect rod 
can only be secured by removing all obstructions from the 
direct pathway of the charge. 

While absolute perfection is doubtless, from the nature of 
the case, impossible, a near approximation is easily attainable, 
simply by taking advantage of the extensive ranges of metallic 
gas pipes and water pipes, with which our cities and large 
towns are supplied. These, no doubt, afford the best means at 
command, of forming a perfect connection with the ground, 
and of placing the rod in a condition to perform its proper 
functions. And this can be done without the least possible 
injury to the pipes or danger to the persons connected with 
them. A good rod in proper contact with such pipes freely 
imparts to them the most powerful charge, which becomes 
highly diflUsed as it expands over an extended range of sur- 
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face contact, where the electricity easily makes its escape into 
the earth, thus restoring equilibrium with so little resistance, 
that the desired object may be regarded as completely at- 
tained, so far as all practical purposes are concerned. 

Since accidents, in relation to these pipes, have sometimes 
occurred ttom lightning there seems to be a strong prejudice, 
in the minds of some, against connecting the rods in this way. 
Such prejudice, however, appears to arise fh)m not making 
proper distinction between |i gradual and silent discharge 
through the medium of a pointed conductor, and a sudden or 
disruptive discharge attended by explosion, as when, in popular 
language, lightning is said to '^strike" an object. 

All the cases which have come to my knowledge where the 
pipes have been damaged or persons injured, are those of dis^ 
ruptive discharge, in which the pipes were struck when the 
whole charge, after passing explosively through some non^ 
conductor, rushed upon the pipes at once, producing Widely 
different results from anything ever observed in a gradual dis* 
charge through tlie agency of points. 

The effects of a disruptive discharge upon the pipes may be 
various, according to circumstances. The joints, if connected 
by an inferior conductor, as lead for instance, may be injured 
in consequence of sudden resistance, * while a portion of the 
charge, perhaps, not having time sufficient for dispersion and 
escape, flashes up the gas burners in the immediate vicinity, 
with sufficient force, perhaps, to give severe or even fatal 
shocks to persons near them.f But nothing of this kind can 

* A cage of this kind ocoarred at New Haven a few yean since, and noticed by 
Professor Silliman at the Springfield meeting of this Association. 

The Joints of these pipes were made tight by sheet lead, which wus melted out 
for a considerable distance by a shook of electricity. 

fThe rector of St. James Church, Bemon Smithfield, B. I., received a shock 
ftom the gas-burner, while sitting in his study, July, 1806, which caused his death 
II few months afterwards. 

The church was near the rector's house, and the lightning rod attached to the 
steeple terminated in nearly dry sand or gravel. A heavy charge passed down the 
rod to within about ten feet of the ground, when a lateral discharge was forced 
through a portion of the building to the nearest gas-pipe, producing much damage 
to the house and the other elTocts above mentioned. Also several other persons in 
the different neighboring houses felt more or less of the shock at the same time. 
Had the rods of the church been connected directly with the gas-pipes I believe 
the charge would have been carried off with perfect safety to all, and no one would 
have ezperiei^ced any sensible evidence that a charge had passed the rod. 
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possibly occur when the charge is received through a pointed 
conductor properly connected with the pipes. 

In the former case the charge bursts from the cloud at once 
and dashes upon the object, as it were, with concentrated force, 
producing the well known effects of a " stroke of lightning." 

In the latter, like a continuous stream of water from a foun- 
tain, the cloud pours out its electricity upon the rod, gradually 
from which it is promptly conveyed to the earth as harmlessly 
as it was received. When a mill-dam, confining a large pond 
or reservoir, suddenly breaks away the water rushes out with 
great violence, overflowing the banks of the stream, carrying 
off bridges, and sweeping away everything in its course. 

This is analogous to a disruptive discharge of electricity. 
But when the reservoir is drawn off graduaUy^ through a proper 
gateway, the water is confined within the banks of its own 
natural channel, and quietly pursues its course to the ocean. 
This resembles a gradual discharge of electricity by a pointed 
conductor, when the long ranges of metallic pipes serve as 
safe channels of conveyance into the earth. And we have no 
more real cause to apprehend danger in one case than in the 
other. 

When such pipes are not accessible, a well, spring, or per- 
manent stream of water affords, perhaps, the next best means 
of forming a connection with the groimd. Water fiunishes a 
much more perfect contact with the rod than earth and gravel, 
and being a much better conductor than these, it is usually re- 
garded as a safe and reliable mode of applying the rod, to 
terminate it in a well or spring of water. And this idea is 
doubtless correct in general, but a well may be so situated on 
a bed of clay, or in a ledge of rock, that resistance would 
sometimes be sufiScient to cause lateral discharge. It is to the 
difference between the receiving power and the discharging 
power of the rod that we are to look for accidents, rather than 
to the absolute conductivity of the rod as compared with water 
or other substances with which the rod may be in immediate 
contact. 

The rod may sometimes be connected with a good conductor, 
which may itself be partially insulated from the general con- 
ducting medium of the earth by certain geological conditions. 
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That a lightning rod will receive a charge of electricity 
with greater facility than a well of water — under the circum- 
stances mentioned, disposes of it — seems to be proved by the 
fact that a portion of the charge which had descended the rod 
to the water, has been known to pass up the lead pipe of the 
pump into the house and do serious injury.* 

It would not always be safe, therefore, to terminate a light- 
ning rod in a well which is connected by metallic pipes with the 
domestic departments. 

A common water cistern also furnishes an unsafe mode of 
terminating the rod, since the brick and cement ordinarily 
used offers very considerable resistance to electricity. It is 
for this reason, no doubt, that cisterns are frequently exploded 
by a charge of electricity communicated through metallic water 
pipes connecting the eave trough with the cistern. 

When neither of these modes of connection is practicable, 
something more is necessary to insure safety than the very 
common way of simply inserting the rod a few feet into the 
ground, which often becomes very dry during the heat of sum- 
mer, the time when thunder storms are most frequent and pro- 
tection the more needed. 

Yet it is probably true that three-fourths, if not seven- 
eighths of the lightning rods in the countiy terminate in this 
manner. 

When we consider the great want of fidelity, and of a 
thorough practical knowledge of the subject, so often mani- 
fested on the part of the agents or contractors, and the equally 
apparent want of care and attention on the part of those whose 
deepest interest is involved, it is not surprising that the record 
of casualties in Worcester county discloses the remarkable fact 
that a large maJarUy of the buildings damaged by lightning are 
those having rods attached to them. 

So little attention has generally been given to the proper 
connection of the rod with the ground, so little importance at> 

*The editor of the Woonsooket Patriot (8. 8. Fobs), Btatea, that the llghtnhig 
rods of his hoase run into a well in the cellar, which is located on a ledge of rock, 
and in the summer of 1868, during a yiolent thunder storm, one of his domestics 
received a severe shock flrom a pump connected with the well by lead pipe. He 
also states that on examination he found the water low in the weU, but the rod ex- 
tended below the surface of the water some dietanoe at the time of the accident. 
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tached to the necessary conditions upon which the efl3ciency of 
the rod depends, the free exit of the charge, that instances are 
not wanting where rods have been erected upon public build- 
ings without the least apparent regard to the conducting power 
of the materials with which the rod was connected, and with as 
little thought of the means by which it was to fulfil its proper 
ftmctions.* 

The numerous accidents which are constantly presenting 
themselves, where rods are concerned, sufl5ciently indicate 
either a very mistaken idea of the necessary conditions of 
safety, or an unpardonable neglect in carrying out those condi- 
tions. 

I have sometimes found but one small rod connecting the 
roof of a dwelling house with the ground, and that extending 
only two or thi^ee feet into nearly dry gravel. 

In such a case the rod is worse than useless ; for instead of 
protection the most effectual means are unwittingly used to 
invite into the house the first charge of electricity that chances 
to pass the rod. 

The various kinds of soil with which the rod is liable to be 
connected are widely different in conducting capacity, and .in 
deciding the reliability of the rod it becomes important to de- 
termine the conductivity of the ground as modified by geo- 
logical character and physical Condition; and this may be 
easily done so far as it practically affects the object of the 
rod by measuring the resistance the earth offers to the pas- 
sage of an electric current through the rod after it is placed in 
position. 

But probably no kind of soil, even under the most favorable 
conditions, possesses sufficient conducting capacity to insure 
safety while in the ordinary state of moisture, and simply in 
contact with a small rod. I .repeat then some other course 
must be adopted ; and here I have nothing better to offer than 
to urge the necessity of carrying out in general practice the 
directions usually given by good writers on the subject, but 

* When one of the lax^gest chnrches in this city was first Airnished with lightning 
rods, the main rod attached to the spire was aUowed, it is said, to terminate in a 
boulder of granite, in which a hole was driUed for the purpose. Tliis was done 
with the impression, if I mistake not, that the solid rock would be more ttian a 
** fnatch" for the lightning. 

A. A. A. S. VOL. XVm. 18 



Digitized by 



Google 



98 ▲. 1CATHE1CATIC8, PHT8IC8, AND CHEKISTRT. 

which are almost universally neglected in this country,* y\z. : 
to enlarge the surface of the rod in the ground by attaching to 
it a plate of copper which should extend to a sufficient depth 
to reach permanent moisture and then be surrounded by a lib- 
eral quantity of fine charcoal which is a good conductor. 

For convenience the plate may be turned out from the build- 
ing horizontally to any distance it may be found necessary. 
No definite directions of general application can be given as te 
the size of the plate or its depth below the surface, since the 
circumstances are so very different in different localities. What 
would be entirely sufficient for one place would not answer for 
another. The capacity of the plate and connection with mois- 
ture should be such as to remove all undue resistance, and this 
must be determined experiment^ly for each particular locality. 
In this arrangement the deficiency of conducting power is com- 
pensated by increasing the surface contact with the ground, on 
the principle that a greater number of poor conductors may be 
equivalent in efficiency to a less number of better conductors. 

But buildings may sometimes b^ located where circumstan- 
ces of some nature render it impracticable to carry out any of 
the methods proposed so as to form a proper ground connec- 
tion. In such cases points may be used as an efficient means 
of relieving the rod so as. to prevent a disruptive discharge. 
The rod may be furnished with several short points directed 
from the building, and its lower extremity connected with a 
copper ribbon which should have all the advantage of ground 
connection circumstances will allow, and extend considerable 
distance from the building (twenty to forty feet), terminating 
in a short rod with points at top and also near the ground. 
These lower points serve the double purpose, first, of exhaust- 
ing surcharged atmosphere near the surface, and second, of 
dissipating and weakening a charge from the clouds. 

I see no reason to doubt that (any portion of the charge 
which may not have been conveyed into the earth by conduc- 
tion would be dispersed by convection without surcharging the 
rod. The objection may here arise, that the lower points by 

• The prevalent defective mode of making the ground connectiona, probably 
obtained on the score of economy ; but that is yery poor economy which neglecta 
the absolute conditions of safety and incurs the first expense of the rod merely to 
expose the house to greater danger than before. 
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imparting the electricity to the atmosphere do not effect a 
positive discharge — that the charge is merely transferred from 
one locality to another, even nearer the house than before, and 
perhaps exposing it and other buildings in the vicinity, to still 
greater danger. 

But I think it must be conceded that such a transfer could 
hardly be made without, at least, a decided loss of electric 
force. Indeed every leaf twig and blade of grass, within the 
influence of the charge becomes so many little lightning rods 
to convey it into the earth. 

Furthermore should a surplus, from any cause, tend to pre- 
ponderate in the manner supposed, the very points which im- 
parted it would be as ready to receive and convey it through 
the rod into the earth, or at least a portion of it, while the resi- 
dual may ascend the rod and be imparted to the atmosphere 
above, and possibly several such transfers may take place even 
within a very short interval of time, yet weakening, in forcCj^at 
every vibration, until compensation should be restored. 

In regard to houses with metallic roofing, it is supposed by 
some that they are not so liable to be struck by lightning as 
other houses under similar circumstances — that such a roof 
serves, in some way, as a shield of protection against the 
effects of lightning, but no good reason appears for such a sup- 
position. It is very probable, however, that a charge may 
sometimes be received upon the highest parts of the roof as it 
often is upon telegraphic wires, and be again diffused into the 
atmosphere through the sharp comers and edges of the lower 
{Portions of the roofing. Indeed if the usual points were 
erected upon such a roof and the eaves furnished with a num- 
ber of good points there is little reason to doubt that they 
would prove a reliable protection to the building. 

But since houses with such roofing have been sometimes 
struck by lightning and seriously! f damaged, one or two cases 
having occurred within my knowledge,* where the roof was 
literally destroyed ; it would be well to take all possible pre- 
cautions for safety. Good -points should be erected on the 

•In the summer of 1859 the house of Mr. Muzzy of Spencer, Mass., was struck 
by lightning and much injured. The house was without rods and the roof covered 
with tin. The charge entered the chimney through which it passed outward on to 
the roof, perforating and tearing up the tinning so generally that it was neces- 
sary to replace it by an entire new covering. 
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most prominent parts of the house, particalarly upon the chim- 
neys and well attached to the metallic surface. 

In making the ground connections, however, it is sufficient 
to affix the rods to the comers or edges of the roof, carrying 
out the directions already given in their terminations with the 
ground. Whenever proper contact cannot be made so as to 
remove resistance discharging points should always be used. 

In concluding this paper it is proper to say that I have at- 
tempted to consider the subject of lightning rods simply in its 
practical bearing. It has been not so much my object to pre- 
sent new facts or theories, as to urge a better application of 
principles well known, — to point out some of the most promi- 
nent defects in the construction of rods, and finally to present 
such obvious means of removing these defects as observation 
and experiment seemed to suggest. Neither have I pretended 
to give a full and detailed description of the rod. Nothing 
has been said of its height above the roof; the number of 
points at the tip ; the mode of insulating and fastening to the 
building ; of the general style, form, size or material, simply 
because most of these are deemed of minor importance, and 
the great defects, which it has been the chief object to bring 
out, are not here found. 



V. CHEMISTRY. 

1. On Moleculab Perturbations.* By Gustavds Hinrichs, 
of Iowa City, Iowa. 

Ant series of compounds of like structure may be written 

EM (1) 

where M represents that part of these compounds which is 
common to all members of the series, while B represents the 
radical changing from one compound to the other. Thus in 
the nitrates of monatomic radicals 

we have 

B = E' SLndM=0^. 

By an application of the general mechanical principles of the 

• Also No. 8 of my CorOrUmHani to JfoUciUar Science, 
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fourth Bection of my Atomechanik (1867), the normal form of 
the atomic structure, RM, can be determined. Already in that 
work it has been done for certain series, like the Tritoids AB2^ 
the Deltoids, AB^Cy etc. 

Let the axes of this normal form, or the normal axes of the 
compound atom, MM, be 

x: y: z (2) 

These normal axes correspond to a given ideal case ; just as 
the normal elliptical orbit of the planets corresponds to the 
ideal case of but one planet encircling the sun, and both bodies 
being infinitely small in comparison to their mutual distance. 
The normal axes correspond to mutually equal atoms {Atom,- 
echanik, §. 231 and §. 233). 

Accordingly there always must be a certain value of R for 
which the given M will produce exactly the normal axes in the 
compound RM. Let this value of R be represented by r. 
Then the deviation of the octtLol axes 

a: b: c (3) 

from the normal axes must be proportional to the difference 
R — r. These deviations we call molecular perturbations, and 
denote them in general by ;r ; in the direction of a, y, z, they 
are denoted, respectively, by ^, C, C, 

K, then, ifc be a constant, mainly determined by M, we shall 
have, in general, the molecular perturbation 

n = k{R—r) ' (4) 

A difference, R — r = 1, gives 7r=:k; that \akis the pertur- 
bation due to each unit in the atomic weight of tJie disturbing ele- 
ment R. 

From this it is also apparent that the greater the disturbed 
mass M the smaller must be the coefficient k; or, approxi- 
mately for comparable cases, 

k=zU—rM (5) 

where U and V are constants. 

It is admitted that the preceding deductions are in a more 
popular form ; those who aak for more formal mathematical 
developments are referred to the latter part of this paper. In 
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order not to repel the chemist and mineralogist, the more 
special developments were deferred to this place. 

The value of r is also determined mainly by M, Thus if 
RM represents compounds, resulting by synthesis of B, and M 
under great evolution of heat, a considerable attraction or 
affinity between R and M is manifest. Accordingly r will be 
negative, indicating that it would require a reptUsion of the 
numerical value r to produce the normal equilibrium or form. 

We may now proceed to the application of these principles. 

I. TrrANoiD Dioxides, TVOj. 

Referring to contribution No. 1 (p. 13)* for the details, we 
have, agreeable to (4) : 

: = — 0. 001 [TV + 130] (6) 

which gives very good results. Accordingly the attraction be- 
tween the titanoid, TV, and the two atoms of oxygen is so great 
that a repulsion of 130 (r = — 130) would be required to pro- 
duce the normal form. 

The normal form of these titanoid dioxides is 
a?:y:z = /v/3:l:/v/3 
(See Contrib. No. 1, p. 11, or Report Chicago Meeting, p. 217). 
The perturbation C is in the axis z, which passes through the 
atom TV and stands at right angles to the middle of the line 
joining the two atoms of oxygen. The observed axes a, 6, c, 
tabulated at the close of this paper, give the observed pertur- 
bations by means of 

a = X'^5 b = y=:l, c = z-fC (7) 

For these dioxides the values are 

TV 

Cassitcrite Sn=z 118 
Rutile Ti= 50 

Zircon ^^= 59 

Pyrolusite Mn = 52 

Although manganese is not a titanoid, the perturbation of 
pyrolusite very nearly agrees with that calculated for titanoid- 

• Report of Chicago Meeting (1868), p. 221. 



C calculated. 


observed. 


— 0.248 


— 0.245 


— 0.180 


— 0.180 


— 0.189 


— 0.171 


— 0.182 


— 0.180 
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dioxides. The calculated value for Zircon differs considerably 
from observation; it will necessarily depend upon the exact 
formula of the mineral, while the calculated value above given 
is obtained on the hypothesis of an equal number of atoms of 
zirconium and silicon. Thus 

would give — 0.178 instead of the — 0.171 observed. 

n. Aragonitoid Carbonates. 

The three atoms of oxygen in the Carbonates R" 0^ C deter- 
mine the plane yz^ the axis z passing through one of these 
atoms, while y is at right angles thereto in the centre of 
gravity of the triangle formed by the three oxygen atoms. 
This triangle is nearly or exactly equilateral, giving the nor- 
mal axes 

y;«=l:V3 

The axis x is at right angles to both, and passes in one di- 
rection (say upwards) through the Calcium atom, in the other 
direction through the Carbon atom, so that the angle 

Ca—O—C is 90° 

or very nearly so. Thus a? = « = V 3. See Atomechanik^ §§ 
803-306. 

The observed values of a, &, c, tabulated at the close of this 
paper, give by (7) the following values of the perturbation C 
in the oxygen plane after axis Z, 



Xa 


Zcalc. 


Zobs. 


calc-obs. 


Aragonite Ca = 40 


— 0.127 


— 0.1266 


0.000 


Strontianite Sr 88 


— 0.085 


— 0.090 


+ 0.005 


Witherite Ba 137 


— 0.040 


— 0.040 


0.000 


Cerusite Pb 207 


+ 0.024 


— 0.093 


+ 0.117 



The calculated values have been obtained according to (4) 

by 

C = 0.0009 (^a — 181) (8) 

It is seen that lead, not being a calcoid, but member of the 
genus cadmoids, the corresponding carbonate does not agree 
in its perturbation with the calcoid-carbonates, thus proving 
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Xa 


T 


cak. 


T oba. 


Aragonite 


Caz 


= 40 





ii4'.2 ; 


— 115' 


Strontianite 


Sr 


88 





80'.6 i— 80' 


Witherite 


Ba 


137 





44'.4 


— 45' 


Ceruslte 


Pb 


207 


+ 


6'. 


— 83' 
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that the cadmoid-atoros, in form or structure, essentially differ 
from the calcoid atoms, a result which must be admitted also 
on other grounds. Thus the calcoids are non-volatile, while 
the cadmoids are comparatively veiy volatile metals. 

Applied to the perturbation of the vertical prism the general 
law (4) gives 

^ = 0'.72 (Ja — 200) (9) 

coZc.-o&a. 
+ 0'.8 
— 0^6 
+ 0'.6 
+ 89'. 

The normal angle between the vertical prisms and the plane 
yx is p = 60®. The above minutes represent the derivation of 
the observed values fh>m this angle of 60**. 

The value of r is positive in both formulae (8 and 9) but not 
quite identic, although it ought to be so. It requires an at- 
traction of 181 according to (8), and of 200 according to (9), 
to reduce the perturbation in the oxygen section to nothing ; 
that is, to make the aragonitoid hexagonal for the calcoid- 
elements Xa. 

I think that this is in accordance with chemical principles. 
The oxygen of the electro-positive Xa 0, being in the same 
plane with the oxygen of the electro-negative C 0„ exerts a 
repulsion on the same, equivalent to r= 181. Compare §315 
of Jiomeckanik on this point. In the hexagonal Calcit-forms, 
the Xa and C 0^ exist together as one Xa 0^ C, and accord- 
ingly Z=:^o, Herewith harmonizes the fact, that according to 
Favre and Silbermann (1862), each gram of aragonite sets 
free 39.1 calorics when being converted into calcite ; or each 
atom Ca 0^ C sets free 3910 calorics. Compare also VI. in 
Contribution 5. 

m. CALCnOIDS. 

Of the carbonates, only magnesite and smithsonite belong 
to the same genus. This is sufficient to determine the two 
constants in (4), but not enough to give any control. The 
three aragonitoid carbonates have, however, given that con- 
trol, so that we may apply (4) also on the calcitoids. 
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Indirectly we shall have a very excellent control in the val- 
ues of the constants thus determined; for they mast agree 
with the known chemical properties of the elements. 

For the calcitoids the horizontal perturbations C is zero ; the 
vertical f is for the cadmoids. 

e = — 0.1092 — 0.000161 Kd ( 10) 

or 

C = — 0.000161 [^^^+678] (11) 

The same perturbation is, for the angle R of the rhombohedron, 
the normal being 104** 29' (Atomech., §807) 

P = + 0.'25 {Kd + 698) (12) 

The ob'served values are : 

Kd R p e 

Magnesite Mg,2i. 107^29 +180' —0.1131 
Smithsonite i?M, 65 107^40 +191' —0.1197 

The value of r=^ — 678 or — 698 indicates an (xttraction of 
nearly 700 between RM^ or a repulsion of this magnitude is 
required in order that Kd O3 C may have the normal form, the 
rhombohedron iJ= 104** 29'. Now this is exactly what might 
have been predicted, since the cadmoids have not only a great 
affinity for 0, but also because their atomic weight is in excess 
of both and (7. Thus, in Smithsonite, the amount of matter 
in any horizontal is equivalent to 2 =? 32, but in the vertical 
it is C+Zn=12 + 65=;:75, or more than twice as much. 
Since there is no chemical repulsion between Carbon and the 
Cadmoids, this preponderance of matter in the vertical axis 
must contract the same, as observed. 

The two sulpho-salts Ag^Ss ^ of this form give for (4) : 

e = — 0.00066 [<P + 114] (18) 

and 

/?=: + l'.15[<P + 98] (14) 

the observed values being 

^ R P S 

Proustite A8= 75 107**48' +199' —0.125 
Pyrargj^rite Sb=z 122 108**42 +253' —0.156 

The normal rhombohedron of 104** 29' will thus belong to a 
phosphoid * of the atomic weight r = — 98 or — 114 ; that is 
A. ▲. ▲. s. VOL. zvni. u 
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a repulsion of from 100 to 120. This ia also in accordance 
with the chemical properties of the elements here involved. 
For the phosphoid and silver, here in the axis X, very readily 
combine, thus indicating an attraction of Ag^ or ^, so that 
for any ^ it would require a repxdaion to produce the normal 
form. The same follows by considering the mere mass in the 
different directions ; thus along Z and Fwe have the equiva- 
lent of 2^ = 64, but along X we have 3^s' + * = 324 + * 
which for Proustite is 399 ; for Pyrarg3nrite 446, that is from 
6 to 7 times as much I 

IV. Calcoid Sulphates. 
In the sulphates S Of exists as such, forming, like all com- 
pounds of the formula .^ ^^ or A\^, an equilateral triangle, 
either exactly or nearly so. The axis Z is laid through 5, and 
F through the two atoms of oxygen of SO^. The axis X is 
at right angles to these, and contains the other two oxygen 
atoms of the sulphates. As demonstrated in another place, 
the normal axis of the sulphates R" O^S are 



4 S 

x: y: z=:^/S: 1: \/3 



(15) 



The perturbations most directly due to the different radicals 
are those in the axis of Z; for the radical i^" is directly oppo- 
site to the sulphur-atom, 8. The normal vertical prism, par- 
allel to the axis X, is nearly hexagonal; the normal angle 
between the vertical face and the plane X F, is 60** ; the devi- 
ation of the crystal from this angle we call it. The observed 
values then give for these perturbations for the calcoids : 

C= — 0.0008 [A^a +20] (16) 

^ = — 0'.7[A^a + 20] (17) 



Namb. 


Xa 


oalc. 


obs. 


w 
calo. 


ObB. 


Anbydrite 

Celestite 

Barite 


Ca 40 
Sr 88 
BalS7 


—0.048 
—0.088 
—0.196 


—0.048 
—0.080 
— O.lffl 


— 4«* 

— 75'.e 
— 109'.9 


— 48' 

— 80' 

— 110' 



Accordingly, r = — 20 in both of these equations. That is, 
it requires a repulsion of 20 to produce the normal hexagonal 
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form of the yertical prism here under consideration. This 
is again in harmony with the atomic structure and the known 
affinities. For in the axis Z we have S •\- Xa-=.Z2-\- Xa^ 
reaching from 72 (for Co) to 169 (for 5a), while in the axes 
X and Y there are only 2 atoms of oxygen, weighing 82. 
'Hence a greater attraction in the direction of the Z axis, or 
a shortening of the same (C negative, r negative). Besides, 
we know that the calcoids have a considerable affinity for sul- 
phur — which, therefore, increases the perturbation due to the 
mass merely. 

This law has been extended to Selenates, Chromates, Per- 
chlorates, Permanganates (see Synopsis of new Memoirs on 
Aiomechanica^ published July, 1868). Here it may be suffi- 
cient to give the observed values of the angular perturbation 
ir, or the deviation of the vertical prism found forming 60*^ 
with the vertical plane xy. 

Name. Formula. -n 

Anglesite Pb04S — 81' 

Barite Ba04S —110' 

Celestite SxO^& 

Anhydrite Ca04S 

Permanganate .... KaOfMn 



10') 

79' V mean— 77' 

42' j 



Perchlorate Ka04Cl — 



," 



Olivenite Mgs04Si 

Phenacite Be, 048! 

Willemite Zn2 04Si 

Normal form AB4C 

Sulphate Ka,04S 

Selenate Ea,04Se 

Chromate Ka,04Cr 

Manganate Ka,04Mn 

Ammonium Chloro Zincate Am CI4 Zn 



+ 



92' 
80' 
86' 
83' 
24' 






12' 

12* 
20' 
36' 
40' 



Mitscherlich. 

Groth. 

Groth. 

Mitscherlich. 

Haidinger. 



Mitscherlich. 

(C 



The most interesting fact exhibited in these perturbations 
is the change of tz by the doubling of Ka. A mere increase 
in weight of Ka in the permanganate Ka O4 Mn would in- 
crease the negative value of tt. But the addition of another 
atom of potassium, producing the Manganate Ka^ O4 Mn, 
does not increase the perturbation in the same direction, 
but changes its ^gn. This indicates a slight but real repul* 
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sion between the two atoms of potassium, in hannony with the 
electro-chemical views. 

Y. Perturbations and Temperature. 

On page 43 of Atomechaniky the influence of temperature on 
the molecular perturbations has been investigated, and the 
results exemplified by means of Fizeau*8 observations then 
published. In Pogg. Ann. 1868, p. 135, we find additional ob- 
servations of Fizeauy so that we now can continue the investi- 
gation of the subject. 

In the following determinations of Fizeau the coeflAcient of 
expansion for one degree centigrade (at the temperature of 
40**), is in the direction of (Fizeau*s) vertical axis a, at right 
angles thereto a' ; and the change of either for each degree of 
temperature is Ja and Ja*, For the sake of simplicity we refer 
all of these numbers to the original length of one million 
units; then a =0.00001911 of Fizeau for Fluorspar (the ex- 
pansion of the length 1) becomes here a = 19.11 (the expan- 
sion of 1,000,000). 

Tritoids, AB^. 



CaF% Fluorspar 
JFe^,, Pyrite 
Om,0, Cuprite 




a 

a' 

a 

Aa 


= Aa' = 


19.11 " 
9.08 
0.93 ] 
0.0210 J 




inaU 
directioiia. 




a 




a' 


Aa 


^af 


Quartz, SiOt 
Butile, TiOt 
Cassiterite SnOt 
Zircon (Si, Ti) 0. 


7.81 
9.19 
8.92 
4.43 




14.19 
7.14 
3.21 
2.33 


0.01 
0.02 
0.01 


77 
25 
19 


0.0288 
0.0110 
0.0076 



Deltoids, AB^C. 
For these a is the expansion in the direction of our axis X, 
or a, a' in the direction For 5, and a" in the direction Z or c. 



a 
+ 26.21 
4-34.60 



a' 
— 5.40 
+ 10.16 



a" 
— 6.40 
+ 17.19 



Caldte 
Araganite 

These values must be referred to 5 = 1, by subtracting the 
coeflScient after this axis from each of the other coefiScients ; 
the values thus obtained express the relative expansion in 
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these axes« It must also be borne in mind that these coeffi- 
cients refer to our X, F, Z, in the following manner : 





X 


X 


Y 


y 


z 


z 


Qaartz 


a 


1 


a' 


^/8 


a' 


V3 


Rutile 


a' 


\/3 


a 


1 


a' 


V3 


Cassiterite 


a' 


\/3 


a 


1 


a' 


V3 


Zircon 


a' 


\/3 


a 


1 


a' 


V3 



The values of our TiormaL aoces a?, y, «, have also been added. 
For details see AtomechaniJc^ p. 84, or Contributions to Mole- 
cular Science, No. 1 (Report Chicago Meeting, p. 217). 

This gives our y=zb=il^ with no relative expansion and no 
perturbation. For the other axes we obtain: ^^ as the rela^- 
tive coefficient of expansion after X (for each million of units 
of length), ^'^ the variation of ^^ for each degree ; and ^C, ^'C 
for the axis Z. The results are contained in the following 
table : 

The Tesseral Tbitoids. 

Fluorspar J Pyrite and Cuprite 

have $=C = o; and also d^z=dZ = o. 

The Hexagonal Tbitoid. 

x= 1.0000 »= 1.7320 

e = 4- 0.099 C = 0.0000 

^e = — 6.38 ^C = 0.0000 

9'S = — 0.0061 ^'C = 0.0000 

The Quadratic Tbitoids 

have x=:z and also their variations equal, so that they remain 
quadratic. We give only the values for x: 

Rutile 1.7320 —0.180 +2.05 +0.0116 
Cassiterite 1.7320 —0.245 +0.71 +0.0043 
Zircon 1.7820 —0-171 +2.10 

The Hexagonal Deltoid. 

CaleUe 3:=:\/ 3 = 1.7320 21 = ^3=1.7320 

^ =— 0.0235 C= 0.0000 

^e =+ 31.61 ^C= 0.0000 
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The Rhombic Deltoid. 

Aragonite X = \/3= 1.7320 « = /v/S= 1.7320 
e = + 0.0085 C = — 0.12G6 
^1 = + 24.44 ^: = + 7.03 

These observations show : 

1. That w?ien the molecular pertnbcUion is xero^ it renuiins so. 
In other words, the normal form is not changed by an increase 
of the temperature. — Examples : the tesseral tritoids, also C 
in qaartz and calcite. 

2. That the molecular perturbations ars diminished by increase 
of the temperature. In other words, the actual form ap- 
proaches the normal form when the temperature is raised. 
Examples are quite nnmerons in the above observations ; they 
are indicated by the opposite sign of the perturbation and the 
coefficient of expansion. 

3. The expansion of aragonite in the direction of the verti- 
cal axis X is an exception to the preceding rule ; for C and dC 
have the same sign, so that the actual form passes farther and 
farther from the normal as the temperature is raised. This 
proves that the atoms in aragonite are not in a stable equilib- 
rium ; and in fact, by heating a crystal of the same, it sud- 
denly changes from aragonite to calcite at a certain tempera- 
ture, developing 3910 calorics (for each atom of CfOiC) in the 
process (Favre and SUbermann^ 1852). 

Thus we have brought all of the preceding determinations 
of the expansion of crystals under the one general law ; dtmi- 
nution of the molecular perturbation to zero^ or approximation 
of the crystal to the normal form. 

The preceding, we hope, is sufficient to show that the m^lee- 
tdar perturbations are a reality, as well as the cosmical per- 
turbations of astronomy. However incomplete and imperfect 
our knowledge of this subject may be at present, we deem it 
sufficient to invite to farther research. While we believe the 
general law (4) of molecular perturbations to have been suffi- 
ciently proved by observations, we admit that the precise value 
of the constants Je and r is at present only imperfectly deter- 
mined by observation, and only in a very general way by 
theory. 

The exact theoretical determination of these constants is a 
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mechanical problem, the solution of which depends as much 
upon the constitution and form of the atoms of the so-called 
chemical elements, as does the theoretical determination of 
cosmetical perturbations on the structure, form and mass of the 
cosmical bodies. 

APPENDIX. 

That the law (4) is in fact a first approximation is proved 
by the following preliminary analysis of this problem, referred 
to in the first part of this paper. 

Let the shbstance under consideration be a ternary, com- 
posed of the element-atoms A^ B^ C, To simplify the subject, 
let the compound be a deltoid, AB^C. 

The actual axes of this deltoid we call a, &, c; the line joining 
the two atoms A and (7, being taken as X-axis or its value ^ a. 

If now, without changing an3rthing, the atoms A and C were 
made equal to B, the axes a, b, c, would become x, y, z^ the 
normal aooes. Leaving (7, but substituting only the radical 
A = B^ a. certain value B=^r must likewise produce the nor- 
mal axes x^ y, z; the corresponding compound being r B^C. 
Accordingly the force producing increments f , y, C, on a?, y, «, 
is zero for A=iB = r. 

Now, let the force between A and C be represented by the 
function ^ (Ay C) ; similarly that of A and -B by ^ (-4, B), be- 
tween C and B by ^' (G, B), and the repulsion between the 
like atoms B by p (£, B). Into all of these the actual axes 
a, ft, c enter as variables. The resulting force, therefore, will be 

F {A', B,C) = ¥{A,C)+<p {A, B) + <p' (G, B) -p (5, B), 

(18) 
By substitutmg A^r-\-h and developing we obtain 

+ K,lA-r)* 
+ ^,(^-r)« (19) 

-{-etc. 
where 



K,= y(r, C)-f f (r, B) + <p'{B, 0)-p(B, B) ) 

^1 — dA + —djr~ ) (20) 

The ftmctions, V^, s^, etc., contain probably only the first 
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powers of the atomic weights ; hence Jfi^, ^, etc., will be zero, 

or the squares and higher powers of {A — r) may be omitted. 

At the same time we have, according to the definitions given 

a = x + S b = y + : c = z+: (21) 

(See also 7). 

If, therefore, we neglect the square and higher powers of 
{A — r), we have for a first approximation, the normal axes 
determined by -ff^, and the perturbations by Ki. For the per- 
turbations TT in any direction we shall have an equation of the 

7:=K,{A — r) (22) 

form which is identic with (4). It is evident that K^ depends 
upon the normal axes, x, y, z, and the values of r, B and C If 
the form of the functions, as well as the normal axes are 
known, then K^ would serve to determine the value of r. 

The above formulae have been simplified by not writing the 
values of a, 6, c, which enter into every one of functions. 
Since now the law of the variation of these attractions and 
repulsions in regard to distance and angle (atomicity) is un- 
known, we may be excused from entering into any farther 
detail. At the same time it will be admitted, that the only 
possible solution is based upon an accurate knowledge of the 
element-atoms as physical bodies^ such as they are represented 
in the first section of my AtomschanUc, 



2. On the Classification and the Atomic Weights of 

THE so-called ChEMICAL ELEMENTS, WITH BEFERSNCE 

TO St as' Determinations. By Gustavus Hinrichs, 
of Iowa City, Iowa. 

Like all other natural objects the chemical elements (so- 
called) can be classified into natural groups, — Genera made up 
of the individual elements as Species and Varieties. Such a 
classification was published in 1867 in my Atomechanik (§ 17, 
pp. 7, 8). 

The symbol of the species is the characteristic letters of the 
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LcUin name of the same, introduced by Berzeliiis in 1815 ; it 
has also a numerical value, representing the weight of the 
atoms. 

As symbol of the gentia I introduced the characteristic let- 
ters of the Greek name of the same, and stated that this 
symbol represents an equoMon^ the numerical value of which 
for the given variable would be the atomic weight of the spe- 
cies corresponding to that variable. 

The theoretical ground of this classification is exposed in 
AtomechaniJc. We shall here exclusively consider this question 
from a practical and empirical point of view, entirely indepen- 
dent of the pantogen-hypothesis. In this form it has now for 
two years been presented in my lectures. 



I. Cl^ASSIFIOATION OF THE ElEKENTS. 

This empirical classification (in its results identical with that 
of AUyinechximk) is based mainly on the deportment of the 
elements toward heat. This physical agent being motion, we 
accordingly classify the elements in regard to the m^obUity of their 
particles (the atoms). We distinguish six degrees of fusibility, 
three degrees of volatility, and the coloration of the flams for the 
metals. We retain the general division of the elements in two 
orders, metals and metalloids, based upon the presence or ab- 
sence of metallic lustre. The above degrees of fusibility cor- 
respond very nearly to those of von KobeJl, 

For farther explanation we may refer to the following table, 
n^erely adding, that the naine of the gei^us was taken from the 
most common or most characteristic element, The semi-bar- 
barqus name Sulphoid was chosen, because the more correct 
Thionoid is not so palpable to students, 

A. A. A- S- VOL, XVIjy. 15 
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GENERAL TABLE OF THE GENERA OF THE ELEMENTS. 



I. MBTAL8 ; hmving meUllic lustre. 



1 


^ 


. 


GBMU8. 




1 


^ 


1 


Name. 


Symbol. 


Pi* 

1 




exceeding 


color 


KaMda 


Ka 


Ka 




verj 


no color 


CadtmoidM 


KB 


Cd 




slightly 




Cuproid» 


K« 


Cm 




not 


color 


CateoidM 


Xa 


Ca 




not 


no color 


Ferroida 


Si 


Ft 


6 (inAiB) 


not 




TUanoids 


Tr 


Ti 



II. Metalloids; not having metallic lustre. 



Triatomic Elements like Phosphorus 




« 


P 


Di— •* •* Sulphur 


Sulphoid9 


• 


S 


Mon- " " Chlorine 


CMoroidi 


X 


CI 


Mon- " «« Pantogen 


PanMd9 


Y 


H 



To these genera several others will have to be added ; but 
not until the elements concerned are better known. Of such 
genera I mention here the Thalloids, Sk^ Molybdoids, Ml^ Hy- 
drargoids, Ty from Atomeckanik, Beryllium is either the first 
species of the Ferroids or of the Cadmoids. 

The Ferroids are distinguished for their varieties. Thus the 
third species (Iron ; Greek Sideros) is associated in nature and 
in its properties with four varieties, which we term the Side- 
voids and give the symbol Id, They are Chromium, Mangan- 
ese, Tron {the species), Nickel and Cobalt. They form a 
regular series, connecting Titanium of the Titanoids with 
Copper of the Cuproids (see Chart). The Rhodoids and Iri- 
doids are not suflflciently known yet. Uranium is associated 
with Cobalt and the Sideroids, having exactly twice the atomic 
weight of Cobalt. 
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The species in each genus are again arranged in the order of 
their volatility, or specific gravity, or atomic weight. By jprint- 
ing their symbols at distances from that of the genus, nearly 
proportional to the atomic weight, we obtain the following 
chart representing our classification of the elements. A few 
of the most important elements not embraced in the above ten 
genera have been added. 

BONBICHS' CLASSmGATION OF THE ELEMENTS. 

Genera. Species. 

X = 1 8 8 4 5 



Y H 

Ka Li Ka 

Xa — — 

K« — Mg 

Yy - - 

Kv _ — 



Ka 


Rb 






Ca 


Sr 


Ba 






Zn 


Cd 


Pb 




- 


- 


Bg 




Cu 


Ag 


Au 



Bh Ir 



Tt C Si n Pd Pt 





Al 


Co 

m 

Ft 
Mn 
Cr 




c 


Si 


n 


Pd 

Sn 


N 


T 


A$ 


Sb 


O 


3 


Se 


Te 


Fl 


CI 


Br 


lo 



♦ N T At Sb Bi 

9 
X 

Y n 



That this is a truly rtaturdl dcasifioation is proved by the 
fact that in this table the elements of like properties, or their 
compounds of like properties, form groups bounded by mnple 
lines. Thus a line drawn through 0, Asj Te, separates the 
elements, having metallic lustre from those not having such 
lustre. The gaseous elements form a small group by them- 
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selves, the condensible chlorine forming the boundary. So 
also the boundary line of the heavy metcUa (specific grav- 
ity above five) is a simple line, running between Kd and 
X a, as far as the break in the vertical columns goes 
(to Zn), (then down to Ti and through Se out between 
Te and lo. So also the boundary lines for other properties 
may be drawn. 

Of great practical importance are the lines expressing cer- 
tain properties of definite compounds. Thus, the solubilities 
of Ternaries or Binaries in water. The reactions in the wet 
way (Fresenius). The blowpipe reactions, may be repre- 
sented on such charts by means of a few simple lines. Such 
charts have been in use in my laboratory, and were exhibited 
to the Association — the symbols printed on muslin (size 8X6 
decimeters) while the other details had been entered by hand. 
In the lecture room I also have been using a square black- 
board of black walnut (one meter each way) with the symbols 
painted ; a chalk line or figure then enters the property dwelt 
upon by the lecturer. 

n. The Atohio Weights. 

If we inscribe the atomic weight in the table of elements 
just given, it will immediately be seen that in each of the 
columns, marked x = 1, 2, 3, etc., comparatively small 
changes take place. This suggests a general Zaw, determining 
the atomic weight y of any apeciee as a function of x for aU 
genera. 

y =/(«). (1) 

Theoretically we may determine the nature of this function 
in the following manner : if we assume the existence of but 
one substance (pantogen). 

A certain number c of the muttiaJlly equal atoms of this pan- 
togen may combine, producing an element of the -atomic 
weight y = c, that of hydrogen being one. Any two of these 
new atoms may again combine, giving y, = 2 c. These again 
combining give y8=2y8=2.2c, of which again y4 = 2ya = 
2.2.2 c would follow. Thus by simple reduplication of the origi- 
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nal atoms yi = c, we would obtain atoms of ^ther substances 
(elements) expressed by the general formula 

y = c.2'-i (2) 

All of the elements for which c has the same numerical 
value would evidently closely resemble one another, or consti- 
tute a genxia of elements. Variation in the value of c would 
give the different genera. 

Another mode of combination in the successive addition of 
the same c to itself, giving 

y = c.x (3) 

There are evidently other methods of combination; but 
those here given are undoubtedly the simplest possible^ and 
hence the most probable. 

A parallel to the law (3) we have in the hydrocarbons, 
where the successive atoms of carbon are linked together by 
means of hydrogen atoms. Accordingly it is possible, and 
rather probable, that less complex aggregations k of atoms of 
the primary matter will be required as links to bind together 
the members c of the atoms y. Consequently a more general 
form of the preceding laws would be 

1. For BeduplicaJtion : 

y=c. 2* + A; (4) 

2. For Simple Aggregation : 

yz=c.X'\'k (6) 

In their equations k must necessarily be comparatively small 
if it changes with 05, otherwise expressive of a terminal com- 
mon to the genus, it may be even large, as in the Cuproids, 
Cadmoids and Galcoids. From the observed values of the 
atomic weights we may conclude thai aU the metallic elements^ 
except the calcoides^ are formed by reduplication (4) ; the calcoids 
being formed by aggregation (5). The metalloids are formed 
mainly by reduplication (4). 

This we conclude from the following comparison between 
the calculated and observed values of the atomic weights. In 
all of the following tables, the correction is to be added to the 
calculated value in order to give the observed value, taken 
from Jahresbericht, 1866. 
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A. METALS. 
1. Oenus. Kaxoids. 





Kaz=z 


6.2*+ 8 (— 


1)' 


(6) 




X. 


K« 
oalo. obs. 


Ck>iTectioii. 


Lithium 




7 


7 





Sodium 




tt 


tt 





Potassiimi 




87 


S9.1 


+«.l 


Bubidinm 




8S 


8S.i 


+«^ 






167 








2. OenuB. 



CUPBOIDS. 

ira= (6.6) 2'+ 20 



(7) 



SI 








4S 







64 


684 


~OjB 


108 


106 





196 


197 


+1 



Copper 

SUvor 

Gold 

8. Cknus. Cadmoids. Omit the constant for a;=: 1 and 2. 
J5r^ = 6.2'+16 (8) 



Hagnesitim 

Zlno 

Cadmlttm 

JmA 



4. Oenus. 



AlBn>tn|nm 
Iron 

Rhodium 
Iridium 



1 




12 




s 




S4 


24 


s 




64 


6SJ 


4 




112 


112 


6 




206 


207 


FSBBOIDS. 






i:tz=:(6.26) 


.2'+a?( 


+ 1)' 


1 




13 JS 





9 




27 


27.4 


8 




03 


S6 


4 




104 


104.4 







20S 


196 



+1J 



—1 



(9) 

H-0.4 
+ 8 
+0.4 
-7 
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1 


6. Oenus 


. TiTANOIDS. 






7V=(6.5).2*+aj(— 1)' 


(10) 


Carbon 


1 • 


12 


12 





SUicon 




28 


28 





Titaninm 




49 


00 


+ 1.0 


PaUadlum 




106 


106.6 


— 1.4 


FlaUnum 




206 


197.4 


— 5.6 


6. Oemi8 


. Calcoids. 

jra = 48(a?— 2) — 8 








48 oj— 104 


(18) 



119 



Calcium 


8 


40 


40 





Strontium 


4 


88 


87.6 


-0.4 


Barium 


6 


186 


137 


+ 1 



} (11) 



B. Metalloids. 
For these we have in general 

y = c[2« + 6. 2»-2] 
where the upper is to be used for a = 1, 2 ; the lower for a?= 3, 
4, 5, the sum of the exponents always being =: x. For the 
Sulphoids and Phosphoids this discontinuity is expressed in 
the first corresponding strictly to metalloids, while the latter 
{x = 3) have metallic properties. The factors multiplying c 
will in all cases make y^ the arithmetical mean between y, and 

2^8 = 2^2 + ^4 (12) 

as readily may be seen from (11). 

We obtain again for a?, y calculated, y observed, and the 
"correction," the values tabulated below. 

For the sake of abbreviation, the flmction of x multiplying 
c is denoted by X, so that 

fora: = l,2 X=2« i 

" 3,4,5 X=2» + 6.2^-M ^^ 

For the phosphoids and sulphoids, we have 6=3, for the 
chloroids & = 2. 5. Hence we find 

for ^ and e,iX= 1, 2, 5, 8, U 
' « X iX=l, 2, 4.„7, 12 



} (14) 
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7. Cfenus. Fhosphoids. 6 = 3. 
# = 7.5X. 
i X= 1, 2, 5, 8, U (Bee 14). 



(15) 



Kltrog«n 




15 


U 


— 1 






80 


81 


+ 1 


Anenio 




75 


76 




Antlmonj 




MO 


1« 


+« 


Biimath 




910 


SIO 





8. Oenut. Sttlphoids. 6 = 3, ^X=: 1, 2, 5, 8, 14. 

» = 8.X (16) 



Oxygen 




16 


16 





Snlpbar 




88 


88 





Selenium 




80 


79.4 


—0.6 


TeUurinm 




188 


188 









884 









9. Genua. Chloroids. b = 2.5. } X= 1, 2, 4J, 7, 12, 







jr=9.x 




(17) 


Flaorine 


1 


18 


19 


+ 1 


Chlorine 


9 


86 


85J 


— tiJi 


Bromine 


8 


81 


80 


— 1 


Iodine 


4 


186 


1ST 


+ 1 






916 







We shall not discuss the "correction" which is to be applied 
to the calculated values in order to give the observed values. 
We only shall observe that these corrections are very small 
except for the three species Fe^ Ivj Ptj which belong to genera 
known to contain varieties. 

We do not mean to have the observed values corrected, for 
what here appears as "corrections" may in fact represent the 
links which hold together the various portions of the resulting 
atom. A negative correction would thus indicate that some 
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projecting point had been removed before combination was 
effected. 

Nor do we assert that the atoms of the so-called elements 
have a composition expressed by the general formala (4) (and 
its modification (11) for the metalloids) ; but their aJtomic 
weights do make siLch composition probable^ while at the same 
time such constitution would be the simplest possible if the de- 
merUs were composed of one primary matter (pantogen). 

At all events it is thought that the relations here pointed 
oat are of a more general and more rational character than 
those pablished by Dumas * in 1857. 

In conclusion we give a synopsis of the formula represented 
by our generic symbols : 

Genus in general y = c.2* + k (4) 

Kaloids Ka = 5.2* + 8 (— 1)* (6) 

Chiproids Kozzi (5i).2' +20 (7) 

Cadmoids Kd= 6.2' +16 (8) 

Terroids Ii = (6J).2* + a? (+1)* (9) 

Titanoids 7T = (6i).2' + « (— 1)' (10) 



Phosphoids <P = (7i). [22+ 8.2'-»] (15)1 
Sulphoids 8 = 8 [22+ 8.2'-»] (16) 
Chloroids X =z 9 [22+(2i).2*-»] (17) 



Sum of expo- 
nents is a;. For 
x=:l, 2 the pa- 
renthesis is 2' 



Calcoids JTa z= 48 a? — 104 (18) 

From this it wiU be seen that the volatility and fhsibility of 
the metals decreases as the value of c increases. Their atomi- 
city increases with increasing c. For the metalloids the re- 
verse is the case, which fact probably is connected with the 
electrical contrast between these two orders of elements. 

Graphical representation, taking x as abscissa and y as ordi- 
nate, will conduce very much to a better apprehension of the 
relations and the general formula here presented. When pre- 
senting this subject to the Association a diagram about 2^ 

* U Inatitat, 1857, pp. 430-422 ; p^. 8834»6. 
A. A. A. 8. VOL. XVm. 16 
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metres long was used ; it contained the logarithmic or expo- 
nential carves for the Ealoids, Cuproids, Titanoids, Sulpholds 
and the straight line of the Calcoids. The unit of x was 18^, 
of y was 1^, so that Bi = 210 was represented by an ordinate 
of 210-. 

in. Stas' Detebkinations. 

Veiy much is said about these very interesting determina- 
tions of the atomic weight ; but we believe that the true import 
tance of these great labors is hardly estimated yet. Most 
chemists seem to think that the chief importance of the pains- 
taking work of Stas is to disprove and forever reject the so- 
called hypothesis of Prout; and with the destruction of this 
hypothesis they seem to think all the palpable harmonies of 
the atomic weights, and particularly all relating to ^^pantogen"* 
is annihilated. We are inclined to think that just shch carefhl 
determinations will demanstrcUe the correctness of the law of a 
common divisor (equal one-half the atomic weight of hydro- 
gen?) for all elements, and prove some essential features of 
the structure of the element atoms. 

In order to approach this subject let us grant all that Stas 
does claim for his figures ; that is, they are exact to the first or 
even the second decimals. Let us see^ what these figures^ if they 
are so accurate as claimed^ really do prove I 

The values of Stas are actually obtained for oxygen equal to 
16. Let us represent these values by S. The atomic weights 
in accordance with Proufs Law (referred to one-half hydro- 
gen) we shall for the sake of convenience call the normal 
atomic weights. A, The deviation of observation from these 
normal values we denote by 2>, 

D = S — AotS = A + D. 
The deviation per unit of weight will then be 

The values A, S, D and d are given in the following table, 
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S being taken from Freseniv^ ZeUadirift fur AnaXytiache 
Chemie, 1868, p. 169. 



A. 


8. 


D. 


d. 


KXLOIDB, Ka, mean 




• •* • 


• . • 


+ 0.00284 


Lilihiox^ U, 


7 


7.023 


+ 0.023 


+ 0.00814 


Sodlmni Ka^ 


fiS 


38.048 


+ 0.048 


+ 0.00187 


PotMBimn, KOf 


80 


89.187 


+ 0.187 


+ 0.00861 


PHOSFHOIDB, ♦ 










Nitrogen,^, 


14 


14.044 


+ 0.044 


+ 0.00814 


Pastoid9,Y 










Hydrog0ELi Sf 


1 


1.002 


+ 0.003 


+ 0.00300 


SULPHOXD8, e 










Oxygon, 0, 


le 


16.000 


i 0.000 




CHLORoms, X, mean 




. 


• 


— 0.0008 


Chlorine, CJ, 


86J( 


86.475 


— 0.036 


— 0.0007 


Bromine, Br, 


80 


79.362 


— 0.04S 


— 0.00060 


Iodine, Jo, 


127 


126.860 


-0.160 


— 0.00118 


CoFBoms, K» 










SilTer, Ag, 


106 


107.980 


—0.070 


— 0.00064 



It is apparent that d is nearly constant for the same genus, 
and very nearly + 0. 008 for the Kaloids, — 0. 001 for the 
Chloroids. In other words the deviation — whatever be its 
cause — is nearly proportional to the absolute weight deter- 
mined! 

Another veiy peculiar fact is the positive sign of the devia- 
tions, D and d, for the elements which are electro-positive in re- 
gard to the standard (oxygen), while the deviations are nega- 
tive for the elements which are electro-negative in regard to 
oxygen. Silver forms the only exception to this rule. At the 
same time its deviation d is only 0. 0006, or much less than 
that of all other elements except bromine; and the electro- 
chemical difference between silver\nd oxygen is not consider- 
able either. 

We conclude, therefore, that Stas' determinations 8 of the 
atomic weights deviate from the normal atomic wei|^htB A by 
small quantities D which 
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Firstj in regard to sign agree with the electro-chemical sign 
of the element in regard to oxygen (silver excepted) ; and 

Second, are nearly proportional to the atomic weight itself. 

Granted the accuracy of the determinations of Stas, the con- 
clusions just given follow. We accordingly have a case in 
chemistry like that which astronomy would have offered if the 
perfection of the instruments and methods of observation had 
progressed more rapidly than theory, after the propounding of 
Kepler's laws. Then deviations from the elliptical orbits 
would have been observed, and it would have been discovered 
that these deviations were closely related to the relative posi- 
tion of the planets. If an expert observer on account of these 
deviations should have rejected K^ler^s laws as disproved, he 
would have been greatly in error, because, as we now know, 
the observed deviations are consequences of the same law of 
gravitation on which Kepler^ a laws depend. 

Now, theoretrical chemistry is vastly behind practical (em- 
pirical) chemistry, in fact, so much behind this latter that the 
claims of mathematical chemistry are generally either ignored 
or derided. We shall, therefore, not venture to give our expla- 
nation of the deviations d; we probably only would deter from 
those much needed researches, which wiU demonstrate what we 
now must leave as merely probable. 



8. On thb GRAHAMrrs of West Viboinia, and the New 
Colorado Besinoid. By Henry Wurtz, of New York. 

It is now nearly five years since my attention was first called 
to this remarkable mineral. I at once recognized the scientific 
interest that attaches to it, and have always earnestly desired . 
to carry out some systematic and thorough chemical investi- 
gations into its nature and relations ; a desire so far frus- 
trated to a certain extent. Fending, however, renewed efforts 
which I am making, to accomplish complete elementary analy- 
ses of the constituents of Grahamite, as discovered by me, I 
tiiink it my duty to communicate, for the first time, the fhll 
results of my former investigations. 
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Previous to 1865, the existence was frequently reported, and 
alluded to, in the public prints, of an extraordinary mineral 
formation on a branch of Hughes River, Ritchie County, West 
Virginia. It was sometimes called " Ritchie Coal," " Ritchie 
Asphaltum," ^' Crystallized ( I) Petroleum," etc., etc. Gesneb 
and others claimed it as identical with albertite, which they 
called an asphaltum (Gesneb, On Coal OUs^ Petroleum^ etc.^ 
p. 27). 

The eminent geologist, Professor Lesley, was the first to 
introduce its existence to the general knowledge of the scien- 
tific world, which he did in a communication to the American 
Academy in Philadelphia (in 1864, 1 believe) ; not having him- 
self visited the locality, however. His opinion, founded chiefly 
on inspection of hand samples, was that the material was an 
'' inspissated petroleum," or say, a mineral pitch. The results 
of my own examinations of some samples, made in January 
1865*, did not enable me to concur in this view, and I pro- 
jected a visit to the locality, which I succeeded in carrying 
out in the ensuing summer. It was then accessible but by 
a very rough bridle path of fifteen miles, but now as I am told 
a branch railroad is completed from Cairo Station on the N. 
W. Virginia railroad. 

The enclosing rocks are the ordinary blue sandstones and 
shales of the carboniferous, dipping generally about 15° or 17° 
N. W., in places nearly horizontal. The mineral occupies a 
vertical dike-fissure, it may be a shrinkage fissure, whose course 
is N. 76° to 80° E. A deep and narrow ravine cuts down 
deep into it, in the bottom of which some openings had well 
exposed the structure of the dike, which is obviously one of 
injection; My notes taken on the spot say in substance : 

''The structure shows four distinct, though somewhat irreg- 
jdar, divisional planes, having a general parallelism with the 
walls. Next to the walls the structure of the mineral is 
coarsely granular, with an irregularly cuboidal jointed cleav* 
age, very lustrous on the cleavage surfaces ; that in immediate 
contact with the walls usually adhering thereto very tena- 
ciously, as if fused fast to the granular sandstone. 

''Next these two outside layers, which are very irregular 
and from two to three inches or more in thickness, is found, 
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on each side of the vein, a layer averaging from fifteen to six- 
teen inches in thickness, which is composed of a variety highl}' 
columnar in structure and very lustrous in fracture, the colunma 
being long, and, at this place, at right angles to the walls. 
It is this variety that was given to Professor Lbslst ; as would 
appear from his description. Finally, in the centre of the vein, 
varying in thickness, but averaging about eighteen inches, is 
a mass differing greatly in aspect frx)m the rest, being more 
compact and massive, much less lustrous in fracture, and with 
the columnar structure much less developed, in places not at 
all. The fracture and lustre of this portion of the vein are 
clearly reainoid in character. 

^' It is very remarkable that this curious dike-structure has 
heretofore escaped detection. Professor Lbslet, whose inform- 
ation, however, was derived at second hand, says that the 
mineral has 'not the slightest appearance of layers, but the 
aspect of complete uniformity and homogeneity.' 

''The general aspect of the mass, as well as all the results 
of a minute examination of the accompanying phenomena, 
lead irresistibly to the conclusion that we have here a fissure 
which has been filled by an exudation, in a pasty condition, 
of a resinoid substance derived from, or formed by some meta- 
morphosis of, unknown fossil matter contained in deep-seated 
strata intersected by the fissure or dike. It is not necessaiy 
to suppose a degree of fiuidity greater than that of semi-Aised 
pitch, or inspissated tar. Such a soft doughy mass, though 
flowing but slowly, would in time be forced by a very moderate 
pressure into every portion and into every crevice of the fis- 
sure. The peculiar stracture described is such as would result 
from the fissuring of a frised or semi-fbsed viscous mass by the 
refrigeration produced by contact with tJie cold, and it may be 
wet, walls of the fissure ; the outside granular layers being due 
to rapid cooling, and the columnar fracturing at right angles (or 
nearly so) to the walls (as, for example, in the case of a dike 
of columnar basalt) to a more gradual reduction of tempera^ 
ture, connected, without doubt, with the well known tendency 
of such materials as are susceptible of the vitreous or viscous 
ftision, to assume in time a concretionaiy or nodolar structure. 
This tendency is strongly apparent in the brilliant variety, 
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having produced multitudes of those curious markings on 
f ssured surfaces which were mistaken in the case of the alber- 
tite for fossil iritpreasiona. The transverse columnar structure 
is called by Lesley ' pencil cleavage.' 

"Towards the extremities of the outcrop, where the sheet of 
mineral is thinner, this penicillate structure extends through- 
out the mass. 

" The idea that this material was ever in the condition of 
fluid petroleum, is visionary and groundless, there being the 
strongest reason why it could never have been more fluid than 
a very thick semi-fluid pitch ; of which reasons one of the most 
obvious is the entire absence of any penetration of the mate- 
rial into the surrounding porous sandstones. Also, no such 
substance as this, or an3rthing approximating to it chemically, 
was ever known to be formed, or to have been formed, by the 
oxidation and inspissation of petroleum; and the formation 
from liquid petroleum, in such a fissure, to the depth of hun- 
dreds of feet, by any process of oxidation from the surface, 
of a mass so uniform as this, is an idea which I believe will 
receive but meagre acceptation among those chemists whose 
minds are free from the trammels of pet hypotheses. 

'' I will add, that I have yet to learti of the existence of any 
products (now forming) of oxidation or ^inspissation' (what- 
ever that may be) of West Virginia petroleum. 

" In sinking a small shaft here, twenty-eight feet deep, Mr. 
J. Caaville Stovjit, the engineer in charge at the time, found 
a detached fragment three and a half feet long of the north 
wall of the dike, imbedded in the mineral twenty-four inches 
distant from said wall, and twenty-nine inches vertically below 
the hiatus in the wall, marking its point of detachment ; while 
exact measurements, both of itself and of the cavity left (on 
removing the mineral which occupied its original space) showed 
that it had become entirely inverted in position during its 
descent. The pitch-like semi-fluidity, which I have contended 
for, is here strongly illustrated, by the small depth of descent 
of this mass of quartzose sandstone, through a material whose 
density could not have been half of its owii ; while its distance 
from the wall and inverted position suggest that at the time of 
its detachment the dough-like mass was stiU riaing, ox in some 
sort of motion at least, in the dike-flssure, 
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*< I myself observed similar Jiorsea of the wall rock, of small 
size, similarly imbedded in the mineral, at several points/' 

The density of a mass of the mineral was found to be 1.145. 
The horizontal extent of visible outcrop actually measured by 
me was five hundred and thirty fathoms, thinned out at east 
end to thirty inches, and at west end to eight inches ; but as 
these points were at least seventy to eighty fathoms vertically 
higher than the bottom of the ravine, the width (averaging 
about fifty inches) at the latter depth points to a rapid widen- 
ing of the fissure in descent. Allowing a uniform width of 
forty inches at the level of the bottom of the ravine, with the 
longitudinal extent measured, and with the above density; 
each fathom in depth at this level would contun two thousand 
tons. The depth to which it may extend is of courfle wholly 
unknown; but if the view I have provisionally adopted of 
the way in which this dike has originated be correct, it follows 
that it must widen in depth. This view I would present as 
follows : 

By the action of heat upon strata of rock, containing fossU 
matter, and the pasty fusion of this fossil substance, and the 
partial gasefaction of itself and its contained water, with the 
uncontrollable expansion resulting therefrom, there, has been 
opened a fissure through which the doughy mass, puffed up by 
bubbles of steam and other gases, escaped to the surface, or at 
least near enough to the surface to relieve the tension, and 
allow the steam and gases to escape gradually through the 
porous sandstone. 

This fa3rpothe8is of mine seems the only one which recon- 
ciles an important difficulty besetting the other hypothesis 
(namely, that which creates a fissure originally filled with 
liquid petroleum, that has undergone ,''inspissation" from sur- 
face agencies) ; that is, the interference of water, which must 
necessarily have filled a preexistent fissure, and opposed an 
obstacle to the subsequent infiltration of another fluid, at least 
if the latter were impelled by gravity alone. The supposition 
that the fissure itself was formed simultaneously with, and by, 
a fiuid mass, containing within itself its own elastic expansive 
force, escapes this difllculty. 1 may also point out that it is 
not necessary to suppose that the Jieat which produced this 
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expansive force was the central heat of the. earth; for it is 
more probable that both the steam or gases, and the heat 
which expanded them, arose from a spontaneous decomposition 
(of the nature of fermentation) in the bed of fossil matter 
from which the grahamite exuded. 

The view will occur that these original beds of fossil matter 
are beds of bituminous coal, as such coals without doubt 
underlie the locality. The only present support for such an 
idea, so far as I know, is the extraordinary statement of 
Lesley, made on the oral authority of Professor Hall (see 
Lesley's Manual of Coal and its Topography, p. 165), of a 
^^ leader of coal" proceeding from a coal bed downwards into 
a limestone quarry, and there spreading out into a layer. 

Chemical aiid MineralogicdL Characters, This mineral is, in 
its actual identity or individuality, not only new, but cannot 
even be dassed with certainty as yet, with any other mineral 
substance heretofore known and investigated by chemists. It 
is in its behavior with solvents especially, as well as with 
some other chemical agents, that those peculiarities are found, 
which establish it as a substance sui generis. 

To the action of acids, alkalies and' oxidating agents gener- 
ally, it is quite indifferent. Concentrated boiling nitric and 
muriatic acids, and even aqua regia^ have no action whatever 
upon it ; nor has boiling sulphuric acid, if somewhat diluted. 
Oil of vitriol, however, even in the cold, forms a brown solu- 
tion. The most concentrated caustic alkaline solutions are 
totally without action upon it. 

Alcohol does not dissolve a trace of it. Naphtha, benzole and 
ether dissolve part of it ; oil of turpentine gradually swells it 
up into tar-like magma, and then dissolves most of it ; but its 
true solvents are chloroform and sidphuret of carbon^ each of 
which apparently dissolves nearly the whole mass of the min- 
eral with great rapidity, leaving nothing except the mineral 
matter (ash, = by analysis, about two per cent.), and some 
small proportion of coaly matter. 

When heated in the open air it endures a temperature fai* 
above that of the fhsing point of asphalts (which is usually 
below, and never much above, the boiling point of Water) 
without change ; but when heated above 400° F. it begins to 
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decrepitate, smoke and soften, behaving very mncb like a 
highly caking coal. 

The yapor given off under these drcomstanoes I have found 
to be chiefly water. There is little or no smell, snch as all 
asphalts give out when heated, and I may remark that no odor 
is given out when this mineral is broken, rubbed or scraped, or 
even fh>m a mass of it lying in hoi sunshine. The argument 
deducible herefrom, that it never could have been produced by 
the atmospheric oxidation of any other substance, and more 
particularly of petroleum, will be appreciated by chemists, at 
least. If the heat is now raised still higher, empyreumaUc 
vapors appear, and indications of pasty fhsion in the central 
and lower portions of the mass, though not upon the upper 
surface ; the fact being that under ordinary atmospheric pres- 
sure the material is incapable of fhsion without decomposition ; 
but that under a very slightly increased pressure, even such as 
is developed by its own pasty cohesion at the caking temper- 
ature, a pitchy semi-Aision takes place. While in this condi- 
tion the resinoid (or viscous) character of the material may 
be made strongly apparent, for by a little dexterous manipu- 
lation these central semi-fhsed portions of the mass may be 
drawn out into long, delicate threads, like semi-frised glass, 
sugar, or sealii^g wax. To my surprise I have found that by 
exceedingly careAil manipulation with albertite, I could thread 
it out in the same way, though with far greater difl9culty than 
with grahamite. 

From the above it is clear that the West Virginia mineral 
can neither be Identified, nor even classed, with coal, asphal- 
tum, or albertite ; and I have hence thought it both admissible 
and just to perpetuate in connection with it the name of the 
gentlemen who have been so energetic in promoting a public 
knowledge of this new material ; by conferring upon it the 
new name grahamUe, 

The above statements were in substance comprehended in a 
pamphlet printed and privately circulated in the fall of 1865.* 

* An onsatlsflMstory aiccoimt (to me) of tbiB papipUot was giyen in the Amtrietm 
Journal, of Science , xlU, p. 490; and Dana, in the latest edition of his Mineralogy, 
has adopted my name grahainite» a^ t h o^b he still appeiura to ta|(e (he yiew, whioh 
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It remams for me to present as concisely as possible, some 
of the results of my subsequent laboratory work upon gn^ 
hmnite, which, as before intimated^ I am now preparing to ex- 
tend farther. 

The most important development made up to this time, has 
been the decomposition of grahamite (at least ninety-five per 
cent, of it) into two distinct resinoid substances, to which I 
have given, for reasons that will appear, the names Vtsoosine 
and Irisine. These are separated from each other by the 
action of solvents, viscosine being readily soluble in ether and 
petroleum-naphtha. The crude irisine remaining after the ac- 
tion of one of these solvents may then be extracted pure by 
one of its solvents, among which are Moroformj bisulphide of 
carborij oU of turpentine and benzole. The dull compact core 
of the grahamite-dike contains a much smaller proportion of 
viscosine than the lustrous penicillate^portions nearer the walls. 

Ultimate organic analyses of grahamite, as a whole, have 
been made ; but for several reasons, especially because of my 
observations of its mixed nature, I attach no importance to 
them, and shall not quote them. Analyses of pure viscosine 
and pure irisine, however, would be of high interest, and will 
in due time be made. 

PtoperHea of Vtecoaine. The liquid solutions formed by the 
action of a solvent of viscosine on the crude mineral possess 
a powerM olive-green fluorescence, exactly like that of .many 
crude petroleums. The most lustrous samples of grahamite 
yield as much as twenty per cent. Dense solutions are as 
viscous as a thick syrup of glucose or a strong liquid glue. 

Solid Vteooaine. This is a substance of a very peculiar com- 
bination of physical and chemical characters. Though acquir- 
ing, by semi-fhsion, a ductilily and viscosity comparable to that 
of shellac and some others of the true resins, it is wholly sep- 

I tniBted I had orerthrown, regarding fhe nature of the material, that it is 
** BnppoBed to be like the albertite, an inspissated and oxygenated petroleum.'' 
. Dana's Mineralogy, p. 7S8). 

Since the date of ttie publication of the above pamphlet, a paper was presented 
to the American Philosophioal Society (see its ProoeetUngs for July 1888, p. 497), 
by Prof. S. F. Pbgkhjjc, in which, without knowledge of the aboye, yiews are 
taken singularly approximate to those I have expressed regarding the mode of ori- 
gin of minerals of this class. From reoent oonespondence with Prof. Pscxhak, 
X leazn that he will soon publish a paper, in which he hhoaself points out tUs coin- 
eidence^— H .W. 
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arated firom this class of substances by its chemical properties. 
Thus the most concentrated alkalies, even as Aised hydrates, 
are wholly without action on it. Sodium remains indefinitely 
bright in a solution of viscosine in a liquid hydrocarbon, ben- 
zole for example ; whence it i^pears to be a hydrocarbonj and, 
I believe, the first example of a hydrocarbon possessing a 
resinoid viscosity. Probably its most peculiar conjunction of 
properties is that of its passage, within very narrow limits of 
temperature or permeation by a solvent, to a solid form in 
which it is excessively brittle and fragile. On solidification 
from frision its surface is extremely brilliant. When heated, 
viscosine melts readily to a thin liquid and finally distils par- 
tially unchanged. In a current of superheated steam it may 
be distilled oVer without change, except a darkening in color. 
The crude oil obtained by distilling grahamite contains much 
of it, especially when superheated steam is used. Freshly 
obtained, by evaporation of its etherial solution, it has a dis- 
tinct balsamic odor, which after some time departs. In the 
mass it is brown ; in powder buff-color ; in thin layers nearly 
colorless. 

I believe that this viscous hydrocarbon occurs in crude pe- 
troleums, and I have obtained a product from gas-tar approach- 
ing closely to it. 

Iri9ine is inodorous ; infusible without decomposition {except, 
probably, under heavy pressure) ; black in the mass, and pure 
dark brown in powder. When permeated with a small quan- 
tity of a solvent it has no viscosity, but is rather gelatinous 
and elastic, or slightly India-rubber-like in consistence, and 
shrinks eiiormously, and cracks accordingly, in drying. 

It forms in solution in turpentine, chloroform, benzole, etc., 
very fine lustrous varnishes, which have the extraordinary 
property, when somewhat thinned, of always drying on pol- 
ished surfaces to a brilliarU iridescence^ the colors having a 
sort of metallic depth and body only to be compared with 
those produced by heat on polished steel, while much brighter 
than the latter. This property has led me to confer upon this 
characteristic, and main constituent of grahamite, the special 
name irisine. There is much more in it than the mere phe- 
nomenon of thin films. I should suggest an extraordinary 
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low refractive index for irisine, were this not difficult to rec- 
oncile with the fact I have observed that the presence of the . 
mintUest quaifUUy of most other substances (viscosine ex- 
cepted) in the solution impairs or wholly destroys the colors. 
It seems to me rather to be intimately connected with the 
peculiar pure deep brown color of irisine (combined, it may be, 
with a low index of refraction), and I am strongly desirous of 
assistance in the matter from some gentleman experienced in 
optical researches. Of such I should first of all ask whether 
the formation, in such a thin brown transparent film, of innu- 
merable excessively minute fiaeuree^ seen against a specular 
background, could lead to the phenomena described ? I refer of 
course to the property of irisine, above pointed out, of shrink- 
age, in desiccation from the colloid condition. This hypothesis 
would accord with the observation of the destruction of the 
color by small quantities of fatty and other substances, acting 
by alteration of the peculiar condition of oormstenjce of irisine. 
Experiments to test this could doubtless be devised. 

Another characteristic of irisine is that it is instantaneously 
altered and precipitated (from its solution, as an insoluble Toodi- 
ficaiion^ by mere contact with a drop of sulphuric acid, and 
some other agents ; becoming thereby insoluble in aU menstrua 
yet tried. It may thus be prepared in a state of purity for 
analysis; and, moreover, as animal charcoal is one of the 
agents which have this power of modifying and precipitating 
irisine, while it has no action (except a decolorizing one) upon 
solutions of viscosine, we have also here a means of obtaining 
the latter perfectly free from irisine for the same purpose. 

To the above strongly marked peculiarities of irisine, may 
be added its as yet almost unique coi^'unction of the proper- 
ties of high solubility (when in the soluble modification) in 
so many solvents, with high infusibility. The conjecture is 
offered that bituminous coals contain the insoluble modifica- 
tion of irisine, or of substances of its class as yet unknown. 
In this connection I would recall that petroleums, and even 
distilled coal-oils contain substances precipitated by acids, but 
not yet investigated. 

As to the composition of irisine, we have as yet no analysis. 
Experiments with sodium, which in time precipitates it corn- 
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pletely from its solutioiiB, would seem to indicate an oxygen- 
ated body ; bnt as minute quantities of alkalies, as well as 
acids, convert it into its insoluble fonn, this is inconclusive. 
In organic combustions, great difficulty will be found, as its 
coke swells up and is excessively hard of combustion. I pro- 
pose introducing it, however, into the combustion tube as a 
chloroform solution, in a sealed bulb, which may then be broken 
and the solution absorbed by the oxide of copper, the chlo- 
roform being of course removed before the combustion as 
vapor. 

The Insoluble Residue of Orahamite. This, which is very 
small in quantity, as left by exhaustion with chloroform, was 
kindly examined for me with the microscope by Dr. Johh 
ToRRBT. He reported that there was no trace of organic 
structure and it appeared to be mainly quartz sand. 

Comparisons with other Substances. From all such, graham- 
ite readily separates itself. Most so-called asphalts (a term I 
should wish to confine to products of subffirial alteration of 
petroleums) differ from it greatly in their relations to solvents. 
Ether, for example, as stated by Boussinoault, Dumas, and 
others, usually dissolves most of these. Still I believe that 
I have detected both of my new substances, viscosine and iri- 
sine, in some asphalts that I have examined. 

Also, the benzole solution of albertite, comprising usually 
about twenty per cent, of the mineral, I find to contain visco- 
sine, irisine, and another substance unknown as yet ; eighty 
per cent., however, of the albertite is insoluble under ordi- 
nary circumstances, and may, possibly, though not probably, 
be insoluble irisine, or a homologue thereof. I propose farther 
investigation into this matter, and especially analyses of the 
proximate constituents of the albertite as obtained by the 
agencies of solvents, the only analyses, it seems to me, likely 
to be of much value. 

Boussioault's Gao^itamlnte comes no nearer; nor Stebrt 
Hunt's bituminous veins ; nor '^ Zopissa" (which latter I found 
to be a greasy variety of asphalt). 

The Colorado Dike, Four or five years since we began to 
hear of a curious formation in Colorado, believed to be alber- 
tite, which it very remarkably resembles in aspect. I was fbr- 
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tanate enough to obtain through the kindness of Dr. Newbebrt, 
from the collection of the Columbia Ck)llege School of Mines, 
a sufficient sample of an authentic specimen of the Colorado 
mineral to enable me to determine the surprising fact, now 
announced by me for the first time, that this is also grahamite^ 
chemically almost identical with that of the West Virginia 
dike. 

Its fracture is brilliant, but not so much so as albertite, 
and it is not penicillate like the glossy variety of grahamite. 
It contains scarcely any mineral impurity, dissolving wholly, 
without appreciable sediment, in chloroform, benzole, and oil 
of turpentine. Ether extracts about the same proportion as 
from glossy grahamite, with the same green fluorescence, and 
leaves, on evaporation, viscosine, identical in every way with 
that of grahamite. The residue from ether dissolves wholly 
in benzole, and gives all the reactions of irisine but is lighter 
in color, and the iridescences obtained are not so strong. Sul- 
phuric acid wholly precipitates this Colorado irisine. 

It may of course be anticipated that this highly character- 
istic species grahamite will be discovered elsewhere, two local- 
ities being already known, separated by the width of half the 
continent. 



4. Investigations of Flame Temperatures; in their re- 
lations TO Composition and Luminositt. By Ben- 
jamin SiLLiMAN and Henry Wurtz. 

FiBST MxHom.— Calobifio Powers ob Sffbotb of Gasbs. 

These subjects lie, in our belief, at the very basis of the true 
theory of the phenomena of luminiferous gases, and have 
practical bearings that can scarcely be overrated. 

In fact, our studies of the subject have led us in the direc- 
tion of the general conclusion that, all other conditions being 
equal, the temperaJture^ in a given flame, is the main factor of 
luminosity. This, however, may as yet be regarded merely as 
a h3rpothesis ; in consequence of the imperfection of our present 
means of actual experimental demonstration of the tempera- 
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tures of flames. It is a hypothesis, nevertheless, which is in 
general accordance with known facts. By the spectroscc^, 
for example, which can recognize only luminoos rays, we find 
that the higher the temperature the greater the number of these 
luminous rays. The recent results of Franklakd upon the 
development of luminosity by increased pressure, in flames 
which are non-luminous under atmospheric pressure, are in ac- 
cordance with this view ; increase of temperature necessarily 
following increase of pressure. 

Very vague views have been rife, even among chemists, with 
regard to the temperatures of luminiferous flames. Some have 
been satisfied with believing crude hjrpotheses ; such as that 
the heat-power of a flame is always proportional to the density 
of the gas or vapor undergoing combustion ; or that it is pro- 
portional to the amoufU of oxygen consumed by a given volume 
of the gas ; and so on. This latter hypothesis has been one 
of very common acceptation. A view which is even now en- 
tertained by some sMlfltl chemists (than which, however, noth- 
ing, as will be shown below, could be more fallacious) is, that 
those individual gaseous compounds which impart the highest 
luminosity under ordinary conditions, are also the most pro- 
ductive of heat. 

The admirable researches of the great gas-chemist, Buksen, 
of Heidelberg, placed in our possession some years ago the 
means of computing, at least with approximate accuracy, the 
heat of flames of gases of known compositions. Few, how- 
ever, have properly and successftilly applied Bunsen's methods 
in practice. We consider it quite time that these methods 
should be introduced to the knowledge of Gas-Engineers, in 
forms available to them. 

Buksen's formulse for these computations are based upon 
the actual experimental determinations of the total amounts of 
heat developed by the combustion of diflTerent pure combusti- 
ble gases with pure oxygen, made by Favbe and Silbermann ; 
and upon Reqnault's determinations of the specific heats of 
gaseous products of combustion. 

It is not to be maintained that Favre and Silbermann's 
numbers are strictly correct, but they are doubtless approxi- 
mate, and at least proportionally correct among themselves. 
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At any rate, they are the best data we have. Those employed 
here are included in the following table. They are usually 
given in the text-books for equal weights of the gases, but we 
have reduced them to the standard of equal volumes also, as 
more suitable to our present purpose. This reduction is made 
simply by multipljing the equivalents for weights, by the den- 
sities as given in the third column. 



X^SXjSS I. 



Total CALOBmc Equiya- 

LBNT8. 



Of Equal 
Weights. 



Of Eqaal 
Volumes. 



DKN8ITIB8 

ov scali of 
Htdkogkn 

= 1. 



Hydrogen, . . 
Carbonic Oxide, 
Harsh Gas, . . 
OleflantGas, . 



84,402* C. 
8,40r " 

11,868*« 



84,462* C. 

88,642*" 
104,504* " 
186,018* " 



1. 
14. 

8. 
14. 



The meaning of this table is simply that equal weights of 
water would be heated by the several gases to temperatures 
proportional to the numbers in the first column, when equal 
weights of 'the gases are burned ; and proportional to those in 
the second column, when equal volumes are burned. 

A cursory glance at the figures in the second column of this 
table might seem to justify the notion hitherto entertained by 
many, of the comparatively low calorific powers of hydrogen 
and carbonic oxide, and it was doubtless as a consequence of 
such a comparison as this that statements have been put forth, 
and widely accepted among American Gas-Engineers, to the 
effect that the weights of water heated from the freezing to the 
boiling point by one cubic foot of the four main components of 
illuminating gas, respectively, are as follows : 

Hydrogen, 2.22 lbs. water 

Carbonic Oxide, 2.16 " " 

Marsh Gas, 6.17 " " 

OlefiantGas, 10.74 " " 

The figures here being obviously about in the same ratio as 

A. A. A. 8. TOL. XVni. 18 
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those in the second oolamn of Table I. Sereral most grare 
errors, however, are here involved. To get at the true relative 
calorific effects of the above gases, when burned in the open 
air, in heating water below its boiling point, dednctions mnst 
be made, not only for the specific heats of the products of com- 
bustion of the gas, but also, more important still, for the spe- 
cific heat of the nitrogen of the air required to bum the gas. 
In fact, when we consider that for each volume of oxygen re- 
quired to bum a given volume of gas, about four volumes of 
nitrogen must be heated up to the temperature of the flame, it 
becomes easy to conceive, what is actually the fact, that within 
certain limits the waste of heat due to this cause alone counter- 
balances altogether the advantage that would be supposed to 
result from the crowding of combustible matter into so con- 
densed a form as in the illuminating hydrocarbons. An inev- 
itable result of our investigations of this matter, is that the 
heating powers of the flames of pure hydrogen and pure defi- 
ant gas, even when used to the greatest advantage, to heat 
water below its boiling point, are almost or quite identical. 

In this discussion we have occasion to use the numbers 
representing the specific heats of but three gases, the three, 
namely, which remain after complete combustion, steaniy car- 
bonic acid and nitrogen; as we must assume that in the hottest 
and most luminous zone or shell of the flame, there is no oxy- 
gen in excess to be heated. These three numbers are, accord- 
ing to Reonault's latest determinations, for equal weights of 

Steam 0.4805 

Carbonic acid 0.2163 

Nitrogen 0.2488- 

{Liquid water being 1.0000) 

That is, the amount of heat which would raise one pound of 
water and steam to the same degree are in the ratio of 0.4805 
for the pound of steam and 1. for the pound of water. 

Calculation of thb CALOsmo Bitbot of HTDROOsir Bubxiho ih An. 

Let us take, first, the simplest case possible, that of hydro- 
gen with exactly the right admixture of pure oxygen to bum 
it, which, by Table I, develops a total heat of 84462'' C; that 
is, would heat a certain weight of liquid water to this tempera- 
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ture. In order to find the actual amount of heat contained in 
the products of combustion, we most first take into account 
the fact that one pound of hydrogen bums to nine pounds of 
steam, and then obtain the ratio between the above number, 
34,462, and the amount of heat necessary*! to heat nine times 
the weight of steam, that is nine times the specific heat of 
steam. Calling the total residual heat in the produced steam 
X, we have the simple proportion : 

9X(Bp. heatof 8teams0.4805): 8440S:: (8p. heatof Watersl}:^; 

or, X = ?**^* = 7969^ C* = 14876*' F.; 



a number which, we may add, represents the m>aximum of heat 
capable of being imparted to liquid water by the fiame of 
Hake's oxyhydrc^en blow*pipe. 

Still, we have by no means here the actual temperature of 
the free or open fiame of Hasb's blow-pipe ; which is greatly 
lotver than this figure ; as we have not yet taken into account 
the *' latent heat," 'or heat of vaporization, of the nine pounds 
of steam formed. The Centigrade temperature necessary to 
convert one pound of water into steam being 537^; to get 
the actual temperature of the ozyhydrogen fiame, we must 
modify the above equation, so that 

X = M<fly-(gXgg7o) _ gg5io p _ 12864° F. 



which is the temperature actually possible in the fiame of the 
compound blow-pipe, were the combustion instantaneous and 
complete. 

When hydrogen gas bums in air, however, as has been be- 
fore stated, another deduction of enormous amount must be 
made from the above figures, due to the heat required to ex- 
pand the nitrogen. This is obtained simply by adding to the 
divisor, as above, the weight of the nitrogen of the air em- 
ployed, multiplied by its specific heat. The weight of the 

* BUHBBN, in hlB GMometry (EngUflh edition of 1857, p. S49), giyas this nnmber 
u 8061* C, tlie dift venee being dne to the nae hj him of % dUforent nnmber for the 
fpeoiflc heat of Bte:un, namely, 0A75, apparenUy an earlier determination of Sao- 
VAULT. BuHSSir makes here the singolar oyenight of ragarding this ilgnxe as the 
temperature, wlien " the gases can freely expaiid,«s4a iba case in an open flama,*> 
OTfldooUm^lb^oorreQtiaanMMAKyift tikOa qah fv tha Iflftni kvi qf0fiam </ 
ooai5ii«M(m, as to explained in the text aho^. 
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nitrogen in air = 3.818 times the oxygen ; so that the latter of 
the above equations becomes 

_ S44ar-(9Xg«n _ 2744.6* C. = 4972* F. 

4JMS+(8XS^8X0J488) ^ -k ^ 

[We wish to point oat that we have here a fhll explanation 
of the extraordinary rate of degradation of illuminating gas 
by admixture of air, which we have discussed elsewhere. The 
nitrogen of such air is not merely a diluent, or even a mere 
deductive quantity ; its specific heat is an actual divisary Amo- 
tion in diminishing the flame temperature.] 

This, then, is the actual temperature which the flame of hy- 
drogen gas burning in the atmosphere might attain to, suppos- 
ing complete and instantaneous combustion. If it is desired 
to obtain instead, the total calorific efTectiveness, as in heating 
water below its boiling point — in which case the latent heat of 
the steam of combustion becomes also available — the above 
expression is changed by simply omitting the subtrahend in 
the numerator : 

aj = _?**?! — = 8192* C. = 6778* JP. 

4JMS + 6.4n4 
CAUaVLkTlOV OF THB CAIX>RinC BFFBCT OF CABBOHIO OXIDB BUBMUTG DT AIX. 

As the product of combustion is here solely carbonic acid, no 
latent heat of steam enters, and the calorific eflectiveness is 
the same, under all circumstances, in air. In the numerator 
we substitute of course the calorific equivalent of one volume 
of carbonic oxide fh>m Table I ; and in the denominator, for 
the specific heat of nine iK>unds of water, that of twenty-two 
pounds of carbonic acid, being the weight of the latter formed 
by the combustion and combination of fourteen pounds (weight 
of a volume of carbonic oxide on the hydrogen scale by third 
column of Table I.) of carbonic oxide, with eight pounds of 
oxygen. The number for the specific heat of nitrogen is the 
same as before, and the equation is now 

X = 555! = 2996* C. = 6426* F. 

(22 X 0S168) + 6.i7=U J8 

Mabsh Gab ahd Olefiaht Qab. 
In these two cases, we have as products of combustion both 
carbonic acid and water; and, therefore, when the, calorific 
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effects are sought for, we have not only the latent heat of steam 
entering as a subtrahend into the numerator; but also into 
the denominator, as divisors, all three of the specific heats of 
steam, carbonic acid and nitrogen. 

Then, as eight pounds of marsh gas consume thirty-two 
pounds of oxygen, and produce twenty-two pounds of carbonic 
acid, and eighteen pounds of steam'; and as fourteen pounds of 
defiant gas consume forty-eight pounds of oxygen, producing 
forty-four pounds of carbonic acid, and eighteen pounds of 
steam, the equations for the calorific powers of their flames in 
air become — 

For marsh gas : 

104504*- (18. Xg87*) 



05 2= 



(18.X^lJ806)+(ffl.XS168)+(88.X8-818X-S488} 

And for olefiant gas : 

100012*— (18. XflgT) 



z=24U^C = 4386*'F. 



« = 



(18.X-4S06)+(44.X-2168)+(48.X8JilSX«38) ' 



: 2743 C.= 4970** F. 



The following Table gives all the results of our calculations 
by the above methods. 



a?^si:.B2 II. 



Fob Equal Volxjiobb of thb 
GA0B8 BusjnNQ or AlB. 



((Sp.HeaAHO^UeOS) 
(Sp. Heat HO =^760) 
(Mean, 

Carbonic Ozlde, 

Harsh Gas, (8p. Heat HO = .4805) 
OleflantOas, " " ASfXi) 



Galobific EFraoTS 

DT Heating Liquid 

Watbb. 



Oentlgrade 
Degrees. 



Fahrenheit 
Degrees. 



Caloboig Effects 
ABOVE 100^ 0. 



Centigrade 
Degrees. 



Fahrenheit 
Degrees. 



C01CPUTATI0K8 OF CALOUmO "BBVECTB OF MiZXD GA8B8. 

The above Table renders the calculation of the calorific 
effects of any given gaseous mixture, whose centesimal compo- 
sition is known, a matter of extreme simplicity. It is only 
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necessary to obtain the som of the multiples of the percentage 
of each component gas into its calorific capacity, as given in 
this Table, and divide by 100. 

To serve as examples of these modes of computation, we here 
cite, in tabular forms, the results of some analyses of a num- 
ber of gaseous mixtures made by us during the past winter 
(1868-69). [These analyfical results, it may be remarked, 
possess points of novelty and importance, both scientifk) and 
practical, which will bring them up again hereafter, in other 
connections. They are here placed on record.] 

Table m, gives the results of two analyses of gaseous mix- 
tures obtained by passing steam superheated to incandescence 
upwards through a mass of arUhracUe cool heated to a high de- 
gree in a clay retort of a novel construction, according to what 
is now known as the Choynne-Harris^ or American Hydrocar- 
bon-Oa^ System. In this table the results are calculated with- 
out carbonic acid and sulphuretted hydrogen, which, with 
traces of nitrogen, and sometimes of oxygen, are found in the 
unpurified anthracite gas. 

T^SXiS III. 

▲KALT8B8 OF AKTHBAGITB HTDROOABBON OAfl: 
Bt STTJiTMAK AJn> WUBTZ. 



HydrogBD) . . 
Carbonic Oxide, 
Marsh Gas, . . 



60^ 

86.44 

4.13 



100^ 



9. 



60 JB 
87.14 
8JM 



100.00 



60.87 
86 JO 
8.84 



100.00 



In Table IV, column (1) gives the results of an analysis of 
the street gas served out at this period by the New Haven Oaa- 
Light Co.^ made from Westmoreland coal enriched with about 
six per cent, of albertite. Ck>lumn (2) exhibits tha mean of 
four aaalysea of the oompletsd Hydrocsaxbon Gas, mada by na 
at Pair Haven donag liie BaineiinM bj combining gaa ftom ite 
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same Westmoreland coal (with ten per cent, of albertite) with 
half its volume of the anthracite gas. 

Columns (3) and (4) are obtained firom (1) and (2), by cen- 
tesimal reduction, after deduction of the illuminant ingredients, 
being what we propose to designate as the non-illuminating 
substrata of illuminating gases. 

T^Sr.S3 ITT. 

analt8bs of illuminating oa8es: 

Bt SILLIMAN and wubtz. 





(1.) 


(2.) 


(8.) 


(4.) 




New Haven 
City Gas. 


Fair Haven 

Hydrocarbon 

Gas. 


of New Haven 
Gas. 


of Fair Haven 
Gas. 


Hydrogen. . . 


43^ 


46.T7 


46.79 


BOJa 


Carbonic Oxide, 


2.14 


9JW 


iSl 


10.27 


ICarahGas, . . 


47.42 


86.71 


60.00 


89.46 


ninmlnants, . . 


6.86 


6.96 








100.00 


100.00 


100.00. 


100UX> 



Table Y. gives the results of the computations, from our 
formvloB^ of the calorific powers of these five gaseous mixtures, 
for communicating temperatures both above and below that of 
aqueous ebullition. We should remark that we have here been 
obliged to regard the volumes of illuminant hydrocarbons as 
representing defiant gas solely ; both because we have no cer- 
tain data as to their real nature, and particularly because, if 
we actually knew, or should assume, the nature of the hydro- 
carbon vapors present, still we have no experimental calorific 
equivalents, as we have for defiant gas, from which to start, in 
such a computation. We have reason to believe that the errors 
thus introduced are not important in amount. 

The last two columns of Table Y. have been calculated to 
furnish a direct compi^son, for each of these gases, of its 
calorific power compared with that of the New Haven street 
gas, the latter taken as == 100. 
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CAXX>UnO IBFfMmVEMBBS OF OA8EOU8 MIXTI7RB8; COMrUTKD FROM TSB 
FOKMULA AND ANALT8EB OF 

8ILLIMAN AKD WURTZ. 



Weights of 

Water Equally 

Heated Mow 

100*C.b7Eqaal 

Volamee. 



Welfhta of 

Water squally 

Heated A60M 

100>C.bySqiial 

Volumet. 



First ColQiDii 
rednoedto 

Kew Hayen 
Qae-100. 



Second Oolmnn 

rednoedto 

New HaTcn 

Oae-im. 



Anttanoite Qu, . . 
NewHarenGu; > 

Fair Haren Gas; { 



New Hayen Oas; 
with niamlnante 



assumed « Olellant, 

Fair Haren Gas; 

with Hlnminants 

assomed = Oleilant, 






8100 
i817 



S874 



8B61 



9647 



104J 
96.1 

99.6 
100.0 



169J 
99.6 

lOi.0 
109.1 



Conclusions. — Some of the practical oonclnsions to which 
we are of necessity compelled, by the results of the above in- 
vestigations, are so novel and remarkable, that we feel difSdent 
regarding them. It is, however, always safe to follow the lead- 
ing of Truth, however astray she may lead us from our precon- 
ceived notions. 

It is apparent from Table n : 

1. That of all known gases, the highest calorific effects, 
under ordinary atmospheric conditions, are obtainable from 
ixjkrhonic oxide; whose calorific value, above 100^ O., is about 
8000** C. 

2. That in absolute calorific value, below 100* C, in the at- 
mospheric medium, hydrogen surpasses its volume of any other 
gas ; giving a temperature of about 8,200* (7. 

8. That for all modes of application — that is, for producing 
both high and low temperatures — the total maximum calorific 
effectiveness of carbonic oxide is a constant quantity.* 

•MetalluTKlsts, espeolally, wiU appreciate the susgestiye import of the tmths 
presented under the flrst and third heads; here enunciated, as we think, for the 
first time. It is to be noted that aU the above effects belong to the nuudmum kind, 
and, of course, reach their derelopment only under the most IkTorable conditions 
in each case respectively. 
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4. Compound condensed submultiple volumes of hydrogen, 
like that in marsh gas, have much less total calorific value in 
air than their volume of free hydrogen. 

5. Condensed compound submultiple volumes of gaseous 
carbon, like that in defiant gas, have no greater total calorific 
value, in air, below 100° O., than their own volume of carbon 
gas in the form of carbonic oxide ; while above 100° C, their 
value is even considerably less. 

The above investigations of calorific powers has been found 
by us a necessary preliminary to a more important and far 
more difficult experimental investigation of the subject of 
Flame TemperaJtureSy which we have in progress, and upon the 
condition of which we hope to report at an early day. As it is 
ftdly recognized now (from the results of Bunsen, Bebthslot, 
Devili^e and Debbat, and others) that in no body of burning 
gases, at any one time or place, does the entirety of the com- 
bustible constituents enter at once into the combustion ; it is 
clear that the actual maximum temperatures, or calorific inten' 
nties of the fiames of the above gases can in no case be so 
high as the figures established as above, by us, for their total 
calorific powers. Conditions enter here which render this 
problem one of the most complex and difficult that has yet 
been attacked by chemists. 



6. Ok Some New Pbofebties of Phosphobig Acid. By E. 
N. HoBSFOBD of Cambridge, Mass. 

It has long been known that phosphoric acid exists in three 
well marked modifications, distinguished as 

Ordinary Phosphoric Acid, 
Fyrophosphoric Acid, and 
Metaphosphoric Acid. 

The first combines with three atoms of base, the second with 
two atoms, and the third with but one. To Dr. Clarke of 
Aberdeen we owe the discovery of pyrophosphoric acid, and to 
Prof. Graham, of the Royal Mint, the discovery of metaphos- 

A. A. A. S. VOL. XVm. 19 
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phorio add and the clearer definition of the characteriflttcs by 
which the three acids are distinguished flrom each other. To 
Fleitmann, Henneberg and Maddrel are we indebted for a large 
addition to our knowledge of phosphoric acid, and especially 
of metaphosphoric acid. These chemists have presented ns a 
series of metaphosphoric acids, which in their salts may be 
represented 

MeO. Po^ 

2MeO. 2i\), 

8 MeO. S /\>s 

A MeO. 4Po, 

6 MeO. 6 Fo, 
and an acid of the constitution 6 MeO. 5 Fo^ 

Dr. Clark long ago pointed out that ordinary phosphoric add 
in solution concentrated till its temperature rose to 215"* 
was converted for the most part into pyrophosphoric add. 
The same acid may be produced by ignition of tribasic phos- 
phate of soda, and the metaphosphate by ignition of microcos- 
mic salt — tribasic phosphate of soda, ammonia and water. 

In these latter cases of conversion by heat, the characteristic 
acid was determined by the measure of fixed base present. 

To these laws I have to add two more : 

First, That whatever the relation of fixed base to add is be- 
tween one and three of base to one of acid, on ignition the 
acid potentiality subsides precisely to the horizon of the fixed 
base present. 

Second, That within certain limits, greater, however, than 
these, that is, containing less than one of base to one of acid, 
this metamorphosis may take place when the base is lime by 
simple drying at ordinary temperatures; thus, for example, 
one of base to one of tribasic phosphoric add, allowed spon- 
taneously to dry by evaporation, will become the uniting equiv- 
alent of the base present — that is, the salt will become inert. 

These two laws I discovered several years since, and desire 
to place them on record, as a duty to myself, although I am 
not prepared to present the ftill evidence which Justifies the 
announcement. I may state, however, as a general illustra- 
tion, that I have prepared an acid phosphate in crystalline form, 
in which the add exceeded the ratio of one of tribadc acid to 
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one of base, and haye observed that whereas it had at the time 
of its preparation an add strength which I will indicate by 
100. A few days later its acid strength has fallen to 90 ; later 
still to 80 ; later still to 70 ; later still to 50 ; a year later to 0. 
This acid, however, in contact with water, after a long time 
resumed its Ml energy, and in contact with a solution of soda 
resumed it with much greater rapidity. 



6. Fhosphobio Aoid, Iron aito Potassiuic, Constttuknts of 
Chlohophyl. By E. N. Hobsford of Cambridge, Mass. 

At the meeting of the Association at Chicago, I announced 
the discovery of phosphoric acid as a constituent of the ethe- 
rial solution of butter. 

As the butter is derived from the food which the cows re- 
ceive, the suggestion that it might be found in the ethereal 
solution of grasses and clover was natural. These were 
treated with ether, the solution, after two or three days, poured 
off and spontaneously evaporated to dryness. The residue was 
ground intimately with several times its volume of magnesia, 
previously demonslarated to be free from phosphoric acid ; the 
mixture burned to whiteness and tested with nitric acid and 
molybdate of ammonia. This gave at once the characteristic 
yellow precipitate of phospho-molybdate of ammonia, thus 
proving the presence of phosphoric acid in the chlorophyl. 
The phosphoric acid was also determined as phosphate of 
ammonia and magnesia. 

The chlorophyl was also treated directly with nitric acid, 
and where the ether had evaporated, and the wax-like body 
separated, to float on the surface of the liquid. Molybdate of 
ammonia gave from the solution the yellow precipitate, indi- 
cating the presence of phosphoric acid. 

The readiest method for recognizing the phosphoric add is 
to agitate the ethereal solution of chlorophyl with one-fourth 
its volume of concentrated muriatic add, which resolves the 
gr6e& into two layers, one the blue below, the other the yellow 
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above, as observed by Pajen ; and then separate the blue by 
dialysis into water containing a trace of ammonia. This 
liquid on the addition of nitric add and boiling for a moment, 
gives, with molybdate of ammonia, the characteristic reaction 
for phosphoric acid. With sulphate of magnesia and ammo- 
nia, it gives the characteristic precipitate of ammonia-phos* 
phate of magnesia. 

From the same solution sulpho-cyanide of iK>ta88ium gave 
the characteristic reaction for iron ; and fero-cyanide of potas- 
sium gave with proper dilution at first only a green shade, 
becoming after exposure to the air for some time, Prussian 
blue, thus confirming the discovery of VerdeiL of the presence 
of iron in chlorophyl. The flame of the chlorophyl residue 
gave with the spectroscope the red and blue lines of potas- 
sium. This observation, conducted with great care with the 
aid of Prof. Winlock and Prof. Watson, was so many times 
repeated as to leave no room for doubt on the point. 

The examination for phosphoric acid was continued in the 
chlorophyl of the leaves of Indian com, of the potato, of 
melons, squashes, sunflowers, the pear, cherry, apple, the Vir- 
ginia creeper, the westeria and bignonia, the ash, elm, maple, 
oak, sumach, many varieties of shrubbery and flowering plants, 
the arbor vitse, numerous fresh and salt water plants and 
indeed of most of the varieties of green vegetation that were 
accessible. Phosphoric acid was found in all. The ethereal ex- 
tract of the larvae feeding on the elm, which was for the most 
part chlorophyl, contained phosphoric acid. 

It was noticed that the chlorophyl extract, when spontane- 
ously dried down gave in each case some shade distinguished 
on account of its brightness, or dullness, or perishability, 
when kept for a short time. 

In the ethereal extract of the colored petals of several culti- 
tivated flowers, I found no phosphoric add. It was wanting in 
the blue blossom of dchory. In the red flower of the big- 
nonia it was found, but there seemed to be a certain quan- 
tity, small, but actual, of chlorophyl present. It was found 
only in traces in the extract of the purely red portion of the 
leaves of the coleus and zinnse. In the extract of the red 
leaves of ripening Indian com it was less and less, or wholly 
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wanting, and the same was true of the yellow autumn leaves 
of the oak, maple, sumach and numerous other colored leaves 
which were examined. 

While the green potato leaves yielded phosphoric acid in 
the ethereal extract, the white sprouts of potatoes grown in 
the dark did not contain it. 

A great variety of fungi (mushrooms, edible or otherwise), 
of white, red and yellow coloration beneath, for the most part 
yielded to ether an extract containing waxy or fatty bodies, in 
which phosphoric acid was found. 

The ethereal extract of English breakfast tea gave phos- 
phoric acid, as did that of the wax of the baybeny, while that 
of bees' wax did not. It was not found in the ethereal extracts 
of white or brown muscovado or cane sugar, or cod liver oil. 
It cannot be doubted that phosphoric acid, iron and potassium 
are constituents of chlorophyl. 



7. On the Relation Between the Intensitt of Light Pbo- 

DUOED FROM THE COMBUSTION OF ILLUMINATING GaS AND 

THE Volume of Gas Consumed. By Benjamin Silli- 
MAN of New Haven, Conn. 

In photometric observations made to determine the illumin- 
ating power or intensity of street gas, it is the practice of 
observers to compute their observations upon the assumed 
standard of five cubic feet of gas consumed for one hour, and 
in the constantly occurring case, of a variation from this 
standard, whether in the volume of the gas consumed or in the 
weight of spermaceti burned, the observed data are computed 
by the '' rule of three," up or down, to the stated terms. The 
standard spermaceti candle is assumed to consume 120 grains 
of sperm in one hour, a rate which is rarely found exactly in 
actual experience. 

For example, a given gas, too rich to bum in a standard 
Argand burner at the rate of five cubic feet per hour without 
smoking, is consumed at the rate of 3^ cubic feet to the hour, 
with an observed effect of 20 candles power. This result, pre» 
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Tioiuly corrected by the same role for the sperm consumed, is 
then brought to the standard of five cabic feet by the ratio 
S.5: 20 = 5: 28.57. 

The candle power of the gas is therefore stated as 28.57 
candles, and this result has been universally accepted as a 
true expression of the intensity of the gas in question, or the 
relative value of the two consumptions. 

In common with other observers I have long suspected that 
this mode of computation was seriously in error, as an expres- 
sion of the true intensity of illuminating flames, and that there 
were other conditions besides the volume of gas or weight of 
sperm consumed which must influence, and greatly modify the 
results. As most of these conditions are considered somewhat 
at length in a pi^per on Flame Temperatures, prepared chiefly 
from researches conducted by Prof. Wurts and myself, and 
presented at the Salem Meeting of the Association, they need 
not be discussed in this connection. 

The results of many trials, made with the purpose of deter- 
mining the value of these photometric ratios, indicate clearly, 
that the true ratio of increase in intensity in illuminating 
flames is, within certain limits, expressed by the following 
theorem, viz. : 

The intensity of gas flames, i. e. iUumincUing potoer, increases 
(within the ordinary limits of consumption) as the square oj 
the volume of the gas consumed. 

As the first experimental demonstration of this theorem was 
made by Mr. William Farmer, the photometric observer at the 
Manhattan Gas Co.'s works in New York, I propose to speak 
of it as ^^ Farmer's theorem." I am also indebted to Mr. 
Farmer and to Mr. Sabbaton, the well known and courteous En- 
gineer of the Manhattan Gas Light Company, for the free use 
of their experimental data, and the permission to employ them 
in illustration of Farmer's theorem. 

The ftmdamental importance of this new mode of computa- 
tion will at once appear, if assuming it, for the sake of illus- 
tration to be true, we apply it to the case already given above 
which then becomes : 

8.5,: 20 = 5^:40. 

Showing an increase of about forty per cent, over the old rule 
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of correction. Let me see how far this theorem is sustained 
by the test of experiment. 

Experiment Ist. Two similar gas flames, one at each end of 
the photometer bar, were made to give exactly the same inten- 
sity of illumination. This was accomplished of course by 
placing the Bunsen disc midway between the two burners, 
and regulating the combustion until the disc was perfectly 
neutral ; the consumption being noted equal by two wet gas 
meters under the same pressure. The screen was then moved 
upon the bar to a point just four times as far from one flame 
as it was from the other, {. 6., the bar being 100 inches the 
screen stood at 80, ». e., as 1 : 4. The light from the distant 
burner was then increased until the disc again showed an 
equality of illumination. On reading the rate of gas con- 
sumed by the two burners respectively, one gave 8.66 cubic 
feet and the other 7.32 cubic feet, or exactly double, or in 
other words the lights were as the square of the volumes of 
gas consumed, thus : 8.66, : 7.328 = 1:4. 

By the old rule the intensity would have been estimated 
directly as the volume of the gas consumed, thus : 
8.06:7.82=1:2. 

Experiment 2(2. The following results were obtained with 
the use of a standard Argand burner. The readings of the 
index meter, the gas consumed in cubic feet, and the ratio of 
the lights produced, are given in three columns,, viz. : 

Index, .0550 = . 8.80 feet. = 1 light. 

" .0725 = 4.85 " = 2.1 « 

" .0866 = 5.18 " • = 8.2 " 

« .0926 = 5.55 " = 4. " 

In this series the lights increase in considerably higher ratio 
than is required by Farmer's theorem, which demands 6.60 
cubic feet corresponding to a fourfold consumption, while the 
actual consumption was 1.05 cubic feet less than the quantity 
required by the theorem. 

Experifnent 3d, The following series was obtained by an- 
other Argand burner. 

Index, .062 = 8.72 cub. feet, = 1 light. 

" .0814 = 4.88 " = 2 " 

" .1000 = 6.00 " = 8 " 

" .1203 = 7.219 « = 4 " 
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In this series the ratio is more nearly in aooordanoe with 
the demands of the theorem, the intensity being still a little 
in excess of the squares of oonsomptlon (3.72 X2= 7.44 in 
pUceof 7.219). 

The gas employed in these comparisons had a candle power 
of aboat 14 candies. 

Eiq>eriment Mi. Besnlts obtained by a comparison of fish- 
tail burners, ratio as 4 and 9 feet respectively. 

A. Index, .0750 = 4.500 cub. feet. = 1 li^t. 

B. " .1586 = 9.519 « =: 4 « 

In this comparison the ratio falls but little short of the de> 
mands of the theorem. 

Eiiq>eriment 6th. Comparison of fish-tail burners. 

A. Index, .086 = 5.16 feet. = 1.85. 

B. " .1677 = 10.06 " = 4. 

In this trial the departure from the requirements of the 
theorem is considerably greater than in any of the preceding 
experiments. But it appears that from some cause the ratio 
of the squares does not hold with gas of the power used in 
these trials (14 candles), where the consumption rises above 9 
or falls much below 8 cubic feet. This is undoubtedly con- 
nected with the well recognized fact, that there is for each gas 
a kind of burner and a volume of gas better calculated than 
any other, to develop its maximum intensity. 

Experiment 6th. This series was designed by Mr. Farmer to 
test by a direct comparison the value of the new as contrasted 
with the old method of correction. Both trials were made 
upon the same gas, the second observation following immedi- 
ately after the first and with the same candle, and therefore 
should give about the same candle power. 

1^ Triai. Consumption of sperm 82.7 grains. 

'^ of gas 5.004 cubic feet. 

Mean candle power (15 observations) 18.93 candles. 

2d Trial. Consumption of sperm 32.2 grains. 

'* of gas 4.58 cubic feet. 

Mean candle power of 15 observations 11.8 candles. 

The above data caJcukUed by Farmer's theorem. 
5.004 cubic feet, and 82.7 grains give 15.15 candles. 
4.58 " « " 32.2 " « 15.09 " 

Difference, .06 " 
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CalculcUed by the old rtUe. 
5.004 cubic feet and 82.7 grains give 15.16 candles, 
4.58 « " " 32.2 " '* 13.82 " 

Difference, 1.34 " 

It is obvious from the study of these results, that within the 
limits named the increase of intensity in gas flames, whether 
naked or Argand, is at a ratio certainly as great as the squares 
of the volumes of gas consumed ; and hence it follows that 
all the photometric determinations, which have been obtained 
by computation from volumes greater or less than the assumed 
standard of fiye cubic feet per hour, in the simple ratio of the 
voliunes consumed must be considered as quite worthless, pro- 
vided the theorem of Farmer here announced is confirmed. 

It is evident also that this theorem applies with equal force 
to the weight of sperm consumed by the standard candle as 
to the volumes of the gas burned in equal times. 

With a view to test the theoreom of Farmer, I at once 
sought to apply it to the case of certain observations, I had 
made upon very rich gas obtained from cannel and other rich 
coals. The photometric power of these gases had been meas- 
ured in the usual way heretofore practiced by observers, by 
burning a less quantity than five cubic feet in the standard 
Argand and then computing up to a standard of five cubic feet 
by direct ratio. The results of this comparison appear to go 
far to confirm Farmer's theorem. 

Peytona Gas, This gas was made from a coal of West 
Virginia, known as Peytona Cannel Coal. It was much too 
rich to permit the flow of five cubic feet from the 15 hole 
Argand burner, with a perfect combustion. The gas was there- 
fore reduced by mixture with a measured volume of street gas 
of known value and the illuminating power of the mixture 
having been carefUlly determined the value of the Peytona gas 
alone was readily calculated and fixed at 42.79 candles. The 
following trials exhibit the result obtained by burning smaller 
volumes of Peytona gas, and the values obtained by the two 
methods of calculation. 

No. 1 Argand burner consuming 5 cubic feet per hour, mixed gas =42.79 candles. 
2 " " " 8.24 " " 18.05 " 

8 " " " 3.48 " " 20.94 " 

Here No. 1 represents very nearly the true illuminating 

A,A.A.S. VOL.XVm. 20 
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power of the gas, and may be assumed as a fair criterion of 
the law under consideration. 

By Fanner's Theorem. 

No. 2 becomes d.24M8.95 = 5*: 45.12 candles. 

8 " 3.48*: 20.94 = 5>: 43.22 " 

By direct ratio {olcL rule). 

No. 2 becomes 3.24 : 18.95 = 5 : 29.24 candles. 

8 " 8.48 : 20.94 = 5 : 30.09 " 

By this it appears that by the old rule, assuming the true 
candle power of the gas to be 42.79 candles, the two obser- 
vations, Nos. 2 and 3, are in error by about 30 per cent., while 
by Farmer's theorem the error is reduced to 3 per cent, the 
former being too small and the latter too large. 

Albert Oas. The well known Albertite of New Brunswick, 
furnishes a gas of remarkable richness. Its true candle power 
can be measured only by diluting it largely with street gas of 
known value, and calculating it from the determined intensity 
of the mixture. In this way the gas from Albertite is shown 
to have an intensity equal to 70.38 candles. The following 
results were obtained by consuming different volumes in the 
burners named. 

No. 1 Argand burner consuming 5 cubic feet = 70.38 candles. 
2 " " ". 2.25 " z= 16.39 " 

3 'Scotch tip' " " 8. " =25.25 " 

By Farmer's Theorem, 

No. 2 becomes 2.6«: 16.39 = 5« : 65.56 candles. 

8 " 3* : 25.25 = 5« : 70.14 " 

By simple ratio. 

No. 2 becomes 2.5 : 16.39 = 5 : 32.78 candles. 

3 « 3 : 25.26 = 5 : 42.08 " 

The differences from the assumed standard of 70.38 candles 
are as follows : 

By the old rule. No. 2 falls short 37.6 candles or 115 pr. ct. 
" Farmer's theorem " " " 4.72 " 7.1 " 

" the old rule, No. 3 « " 28.30 " 67.25 « 

" Farmer's theorem ** ** " 0.24 " 0.34 " 

It will be observed that No. 2, in this series, represents a 
consumption considerably below the minimum which in most 
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cases experiment has shown to be the limit of the proposed 
theorem, namely : 8 cubic feet, while No. 3, which represents 
exactly this limit, brings the result within the range of experi- 
mental error — it being impossible to make two series of 15 
photometric observations which will accord more closely than 
these. 

Qasfrom tJie RUchie MineraL, This gas was made from the 
mineral called Orahamite by Prof. Wurtz, and found in West- 
em Virginia. 

The gas made from this mineral was too rich to bum in the 
Argand burner with 5 cubic feet per hour. 

1st. A mixture with Argand burner, and 5 cubic feet con- 
sumption. 

80 per cent, street gas = 15.11 candles. 
20 " " Ritchie " = 31.76 « 



100 " « Mixture = 18.44 

18.4i— 10.11X80 



SO 



+ 18.44 = 81.14 candles. 



2d. A mixture with Argand burner, and five cubic feet con- 
sumption. 

78 per cent, poor gas = 18.72 candles 
22 " « Ritchie = 81.01 " 

100 Mixture = 17.53 " 

17.53>^18.730X78 ^ ^^^3^ ^ 3^ ^^^ ^^^^ 
22 I 

8d. Ritchie gas burnt with Scotch tip, and 5 cubic feet con- 
sumption, gave 80.01 candles. 

4th. Ritchie gas, with Argand bumer, and 4.056 cubic feet 
consumption, gave 19.24 candles, and for 5 cubic feet con- 
sumption, by squaring, 29.82 candles, and by old rule, 23.71. 

No doubt the consumption here was too much for the Argand 
bumer, as the illuminating power falls off somewhat from the 
preceding trials. 

5th. Ritchie gas with Argand bumer, and 8.876 cubic feet 
consumption, gave 18.66 candles ; and for 5 cubic feet con- 
sumption by squaring 81.05 candles; and by the old rule, 
24.07 candles. 

6th. Ritchie gas with Argand bumer, and 8.828 cubic feet 
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consumption, gave 1879 candles ; and for 5 cubic feet coH'* 

sumption by squaring 82.05 candles ; and by old rule, 24.54 

candles. 

Mean of the let and tnd tests by mizbig = S1.40 candles. 
" " " Uh,Otli and eth tests by squaring = 80^ '* differenced. 
u it u 401, 5th and eth teste by old role =94.10 << " 130. 

These results show plainly that the new theorem brings all 
the tests very near to the true illuminating power ; certainly 
much nearer than the old rule. 

WoUorigong Oaa. This gas was obtained from wdUongon- 
ite^ a new carbohydrogen described by me in the number of 
SiUiman's Journal (for July, 1869), as coming from Australia. 
Its illuminating power was determined by mixing 10 per cent, 
of the gas with 90 per cent of street gas. But this mixture 
was still too rich to bum 5 cubic feet in the Argand standard 
without smoking, and even when burned at this rate in a fish- 
tail burner the flame was somewhat smoky and inclined to 
*' tail off." I have, therefore, little doubt that its true candle 
power is more nearly 142 candles, than to 132, as stated in the 
article referred to. We quote, however, the observations made, 
as follows : 

1 flsh-taU burner consuming 5 cable lieet gave 182.94 candle power. 
S « u *t 14J " «« 18.89 *« " 

Ck>mputing the second observation we have : 

By Farmer's theorem for No. 2, 143.22 candle power. 
" direct ratio " " 42.96 " " 

This is an extreme case in which the volume of gas con- 
sumed in the second observation is far too low, but it is clear 
that by the old rule the result coining from the consumption of 
so small a volume of gas is perfectly worthless, while by Farm- 
er's theorem the difference of 10.28 candles is within 7.7 per 
cent., and if the true intensity of this remarkable gas is 
placed, as there is good reason to believe it should be, at 142 
candles, the agreement in the two observations is absolute. 

Every photometric observer can confirm the results here 
given by reference to his own records of former observations, 
or by direct experiment designed to test the accuracy of the 
theorem now announced. 

In Sugg's Gas Maniptdation (London, 1867), p. 64, will 
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be found the following results from an experiment designed 
to illustrate the unfitness of the rule-of-three for calculating the 
illuminating power of gas, when using any other consumption 
than 5 cubic feet per hour. 











Aboaio) Bukneb. 




1. 


5. 


cubic feet 


— 14.00 candles. 


Differences. 


2. 


4.9 






= 13.78 " 


— 0.22 of a candle 


3. 


4.8 






= 13.74 " 


— 0.26 " " 


4. 


4.7 






= 13.80 " 


— 0.70 " " 


5. 


4.6 






= 18.04 « 


— 0.96 " " 


6. 


4.5 






= 11.98 " 


— 2.07 " " 



The foregoing demonstrates two facts ; first, that the Bir- 
mingham burner, even when burning the flill quantity of 5 cubic 
feet per hour, does not show the true quality of the gas ; and 
secondly, the inapplicability of the rule-of-three for estimating 
the light given in proportion to the quantity consumed, other- 
wise the whole of the results would have been 14.00 candles." 

The quality of this gas, as exhibited by Dr. Letheby's 
bmner, with 5 cubic feet consumption, and 120 grains of 
sperm per hour, was 15.50 candles. 

The mean candle power of the five last tests is 13.158 ; dif- 
fence, 0.84 parts of a candle. 

The mean candle power of the above tests, before they were 
corrected for five cubic feet consumption, will be as follows : . 



theorem. 



1. 


5. cubic feet 


= 14.00 candles. 


2. 


4.9 « 




= 18.604 " 


8. 


4.8 " 




= 13.190 " 


4. 


4.7 " 




= 12.602 " 


6. 


4.6 " 




= 11.996 " 


6. 


4.6 " 




= 10.788 " 


bovt 


i corrected for five feet conavimption bj 


i. 


5. cubic feet 


= 14.00 candles. 


2. 


4.9 " 




= 14.060 " 


8. 


4.8 " 




= 14.312 " 


4. 


4.7 " 




= 14.148 


6. 


4.6 " 




= 14.191 « 


6. 


4. " 




= 13.255 " 



The mean candle power of the 5 last tests is 13.99 ; differ- 
ence 0.01 parts of a candle. 
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13.604 : 


: 5"» : 14.00 candles 


13,190 : 


: 5^: 14.00 


12.502 : 


: 5'-»: 14.00 " 


11.996 : 


: 6»*: 14.00 " 


10.737 : 


: 6«: 14.00 " 



The following will show the fractional power required to 
bring the five last tests to 14.00 candle. 

2. 4.9»-» : 

3. 4.8»-^ : 

4. 4.7*«: 

5. 4.6*-«! 

6. 4.5"«: 

The above shows that the Srd and 6th tests have not been 
good ones, or why should they differ so much from the one 
preceding them, the difference in consumption being only one- 
tenth of afoot? 

The 2d, 3d, 4th and 5th tests fall a little below the square 
or 2d power, and the 6th test is considerably more. 

The fractional powers of the 2nd, 4th and 5th are nearly the 
same. 

I have endeavored to apply this theorem to some of the re- 
sults recorded in the well known researches of Messrs. An- 
douin and B^rard,* but I find these results stated in a manner 
which renders it difficult to fix clearly the terms of compari- 
son. I venture, however, to append a few comparisons drawn 
from two of the tabular records of experiments with butterfly 
or bats wing burners of the '^ fifth series " which, so far as they 
go, lend confirmation to the views here presented. 



Consumption of 
the Bomers un- 
der trial. 


Consumption of 
the Bengel Ar- 
ffand standard 
Domer without 
cone, -8 inch 
chimney. 


Comparatiye 
intensities. 
The Bengel 
burner = 
100. 


Intensities by 
law of the 
squares of 
consump- 
tion. 


Pressures. 


Cubic feet. 


Cubic flset. 








3.1079 
2.4015 
2.0131 


3.6024 
3.5318 
3.6024 


50 
40 

30 


103 
90.9 
96. 


.23622 
.19685 
.11811 



Burners of same aeries — slit ^ irich wide. 



8.9555 


3.6730 


80 


92.6 


.078474 


3.1786 


8.6730 


60 


80.7 


.07480 


2.6487 


8.6730 


50 


96.7 


.07480 


2.3309 


8.6780 


40 


97.6 


.03937 


1.5186 


8.6730 


20 


115.6 


.01968 



•^fifi. de Ch. St Phy$,, yd. Izr, p. 4SS, 1882. 
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The comparison of their results by this theorem, which gives 
reasonably exact results for consumptions which are not greater 
than that of the standard Bengel burner employed by them, 
fails when the consumption becomes greater than that of the 
standard. 

A comparison of the foregoing results will show that the co- 
incidences with the requirements of the theorem of Farmer are, 
within the limits assigned, too numerous, and too closely 
accordant, to be considered as otherwise than pointing clearly 
to its general truth. A rigorous demonstration cannot be ex- 
pected as there are too many variable functions of unknown 
value involved in the best methods at present known for pho- 
tometric measurements to permit more than an approximate 
proof of its general accuracy. Every photometric observer 
must recognize its importance and the necessity in his obser- 
vations of bringing the consumptions of gas and sperm to the 
agreed standard. 

To the consumer of gas the evident inference from the data 
here presented is that where it is important to obtain a maxi- 
mum of economical effect from the consumption of a given 
volume of illuminating gas, this result is best obtained by the 
use of burners of ample flow. 

Where a moderate light of equal diffhsion is required over 
a large space, as in public rooms, it may be expedient to use 
numerous small jets ; but when the maximum intensity obtain- 
able from, a given volume of illuminating gas is desired, inten- 
sity burners of large consumption are plainly indicated. 



8. On the Composition of the Acid Oxalates of Potas- 
sium, Ammonium and Sodium. By William Riplet 
Nichols, of Boston, Mass. 

BmoxAiATB OF Potassium. 

The composition of this salt was formerly held to be ex- 
pressed by the formula* KOjC^O^ + bHO (€2 jfiTJje^+og'.) 

• On the authority of Graham, PhU. Tr. 1887, 00, 
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and this fonnnla is still given by Gmelin, Watts, and others, 
as that of the commonly occurring salt. 

Rammelsberg, * on the other hand, describes the salt ob- 
tained by neutralizing a certain quantity of oxalic acid with 
carbonate of potassium, and adding an equal amount of oxalic 
acid, as corresponding to the formula 2{K0^ C^Ot)'-\-^aq' 

Marignac,t having afterwards partially analyzed this salt, 
concluded that the correct formula was G^KHO% {^^KH^^ 
and that the crystals contained no water of crystallization. 
He differed from Rammelsberg as to the system to which th^ 
crystals should be referred, and the latter afterwards % acknowl- 
edges the correctness of Marignac's views as to the crystalline 
form and, without repeating the analysis of the salt, seems 
satisfied to accept the formula assigned by Marignac. 

I have prepared this salt in the manner indicated by Ram- 
melsberg, and find that its composition agrees with the formula 
originally given by him. 

CalculAted. Found. 

I. n. m. IV. ▼. Ti, vn. vm. Mean. 

2^4 e- 188.44 86.58 85.55 86.06 86.a0' 

*€»Oi 288.00 54.29 56.35 55.07 56.78 65.76 

809. 64.00 10.18 10.16 10.88 lOiW 10.34 

4('CsJrJ5r04)+a9- 680.44 100.00 

In these analyses I determined the potassium as carbonate 
by igniting a portion of the finely powdered crystals in a cov- 
ered platinum crucible, raising the heat very gradually in order 
to avoid loss by projection, to which, as Marignac hints, this 
salt is particularly liable. The oxalic acid was determined by 
titration with a solution of permanganate of potassium stan- 
dardized against pure oxalic acid. The hydrogen was deter- 
mined by igniting the salt in a combustion tube, in a stream of 
dry air, and collecting the water in a weighed chloride of cal- 
cium tube. 

Rammelsberg's Marignac's 

/ A. ^ -*- 

formula demands, own flgnres were, formula demands. own flffures were. 
2K0 85.63 86.41 85.22 36.36 KO 86.78 86J)5 (Mean of four.) 

2C4O6 54.29 65.31 64.32 54.00 Ca Oe 56.19 55.86 

8a tf. 10.18 KO 7.08 

100.00 lUO.OO 

* Pogg. Ann. XCin, 24 (1864). 

t M^m. de la Soc. d. Phys. et d'Hlst. Nat. de Geneve, T. XIV, part I. (1865). 
X Supplement zu dem Handbuch der IcrystaUographischen Chemie. Leipslo, 
1867, B. 81. 
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Had Marignac determined the hydrogen in Ms salt, he would 
have found his formula to be inadmissible. 

In regard to the acid oxalate described by Graham (loc. 
cit.),* it is extremely doubtful whether there be such a salt. 
Rammelsbergt doubts its existence, and I have myself been 
unable to procure it. I added to a hot solution of a known 
quantity of oxalic acid, half the carbonate of potassium neces- 
sary to neutralize it. The crystals which formed in the hot 
solution (A), those deposited from the solution at the ordinary 
temperature (B), as well as those deposited when the solution 
was artificially cooled to a considerably lower temperature (C), 
proved to be the quadroxalate -Gj KH^^^ -G, H^ e-*, +2(iq. 

Found. 
Calculated. A. B. C. 

4£;«0-i 3^-00 66.67 66.23 S6U» 66.86 66.88 

8ir.e 64.00) 

laq, 72.00j^-'*' 

3 (fj, Zare», €J4Jyae4,+2««0 M8.22 100.00 

In these estimations the potassium was determined as car- 
bonate, by ignition, and the oxalic acid by titration, as in the 
preceding case. 

I analyzed several samples of commercial ^'binoxalate of 
potash," but each sample proved to be quadroxalate. 

BlNOXALATB OF AMMONIUM. 

This salt was prepared by neutralizing a certain quantity of 

oxalic acid with ammonia-water, and then adding an equal 

quantity of oxalic acid. Analysis showed the composition of 

the salt to be 2 (€, {NH^) H^^) + aq. 

Calculated. Found. 

I. n. m. nr. Mean. 

(NS^)^^ Oa 2241 21.64 21JJ4 

S€a-8-t 1^ <B06 61.85 61.67 61.46 

JBTaO 18 7.75 -^ 

aq. 18 7.76 7JS0 IJSO 

2(f)^(jrfl;)JJe-4)+a«. "S 100.00 

Calc. Found. 



•XO 82.24 mM \ 

CaP9 49.28 

ZHO 1848 > 

100.00 J 



Gralumi deduced this fbrmula from the amount of 
carbonate of potassium left on ignition (4746 per 
cent.). 

t Fogg. Ann. XCm, 24 (supra oit.)* 
A. A. A. S. VOL. XVm. 21 
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The formula usually given in text-books on chemistry 
(GmeUn, Watts, etc.), is O4 ( J^fi^) JI Og + 2 aq. €,(JVrjff^) 
H^4 "h ^9*' ^^^^ ^^9 ^^ ^^^ more molecule of water than I 
find to be the case. For this formula the calculated percent- 
ages would be 



(jv'Ho.e- 


Si 


ao.8o 


«€.e. 


144 


67.80 


-i^iO 


18 


7^ 


iag. 


86 


14.40 



100.00 260 

Anderson* says that the binoxalate of ammonium may be 
obtained by mixing equivalent quantities of chloride of ammo- 
nium and oxalic acid (regarded as monobasic; CjO,, ^0 + 
2aq. = 63), and gives as the formula 2 Cj 0„ ^^4 0,2 HO 

He determined the oxalic acid alone, and, from the data that 
he gives, it would appear that, instead of the binoxalate, he 
really obtained the quadroxalate mentioned below. 





Percentage of -GsOa 




in bis Bait 


in the add nalt above. 


in the hyperacid salt below. 


61.92 


02.06 


61.80. 



I found that by adding a hot solution of 53.5 grm. (1 eq.) 
chloride of ammonium (^^4 CZ), to a hot solution of 63 grm. 
(i eq.) of crystallized oxalic acid (€j fi",-8"4 -|- 2 ag.), there were 
deposited on cooling crystals of the hyperacid salt of the 
formula €, {NH^) U^^, €J, H^ O,, + 2 og. 





Calculated. 




Found. 










I. 


n. 


in. rr. 


V. 


VI. Mean. 


(A'JBr*),^ 


62 


11.16 11.12 1159 




— 


■ 11 JO 


^*e. 


S88 


61.80 




61.14 61.14 61.00 61.1S 


8H10 

4a<?. 


64 
T2 


nj59 

16.45 


— — 




— 


- 16.81 16.81 



In these analyses the ammonium was determined as chloro- 
platinate of ammonium, the oxalic acid by titration, and the 
water of crystallization by drying at 100** C, until the weight 
remained constant. 

BlNOXAULTE OT SOBIUM . 

Anderson (loc, cit.) says that, by dissolving equivalent pro- 
portions of oxalic acid (equiv. = 63) and chloride of sodium 
(equiv. = 58.5), in hot water, crystals of this salt are obtained 

•Qn. Jour. Oh. See. 1. 981 (1848). 
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on cooling the solution. He gives the fonnula for the same 
Na 0, 2 Ci 08+45-0 [2 (fJ, JVa^O,) +3ag.] 

I found that ciystals of the binoxalate were deposited from 
such a mixture, but that they answered to the commonly re- 
ceived formula C^NaHOf^+2 aq. [€, Na H^^ + aq.'] 

GalonlAted. Found. 

I. n. Mean. 
Na^^ « as.85 

^-e^^a 14i 65^ B6.19 06.34 66.22 



2aq. 



64 26.77 



2(-e»^o-H"04+a«O SWO 100.00 



9. On the SoLUBiLrrT in Water of the Oxalates of So- 
DHTM, Potassium and Ammonium, at the obdinabt tem- 

PEBATX7BE OF THE AlR. By WnXIAM BiPLBY NiCHOLS. 

In determining the solubilities of the salts experimented 
upon, the method employed to obtain solutions, saturated at 
the observed temperatures, was as follows: — Considerable 
quantities of the salts operated upon, several times as much 
as would be likely to dissolve in the amount of water used, 
were put into glass-stoppered bottles, which were then half 
filled with distilled water, and placed in a pan of water so as 
to be immersed up to the necks. The operation was carried on 
in a room where the variation of temperature was slight, such 
variation being noted by means of a thermometer suspended 
in the pan of water. 

The bottles were shaken conscientiously at frequent inter- 
vals for two or three days, and, finally, portions of the solu- 
tions were filtered through dry filters, into tared fiasks, and 
weighed. As a rule the thermometer had indicated a constant 
temperature for several hours previous to the filtration. 

The amount of oxaUc acid in the weighed solution, was de- 
termined by titration with permanganate of potassium, stand- 
ardized against pure oxalic acid and from this result the 
amount of salt dissolved was calculated. 

In every case but one, the salts were prepared by myself, 
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and in eveiy case the character and purity of the salt in qiies* 
tion was ascertained by titrating a weighed portion of the dry 
salt with the standard solution of permanganate of potaaainm. 

OxALATB or SODIiril. 

This salt was prepared by neutralizing a hot solution of 
oxalic acid with pure carbonate of sodium. The oxalic acid 
used in preparing this, as well as the other salts, left upon igni- 
tion 0.08 per cent. ash. 

CAiOQlated. Found. 

I. n. Mean, 

^ot-e- « *«•« — — — 

•et-e-. 71 68.78 64.06 68.6^ 68.84 
184 100.00 

Solubility, — Temperature at time of filtration, . . 18* C. 

Temperature had varied during solution from W 
to 13.5^ 
100 parts of the solution saturated at 18° oontain : 
I. n. m. Mean. 

3.068 8.066 8.047 8.059 parts of the ciystallized salt. 
Or, 100 parts of water at 18'' dissolve 8.156 parts of the ciy»* 

tiallized salt. 
Or, 1 part of the crystallized salt is soluble in 81.6 parts of 

water at 13**. 

This agrees with the determination of Souchay and Lensen* 
who say that one part of the salt dissolves in 81.1 parts of 
water at 15.5**. 

Fohlf says that one part of salt dissolves in 26.7 parts of 
water at 21.8**. 

BiKOZALATB OF SODIUM. 

This salt was prepared by adding 58.5 groL (1 eq.) of 
chloride of sodium in solution, to a hot solution of 68 grm. 
( j- eq.) of crystallized oxalic acid, and recrystallizing the 
product deposited fh>m the solution when cold. 

* Ann*. Ch. u. Ph. XCIX. 38 (1866). 
t Wien. Acad. Ber. VI. 696 (1861). 
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Calculated. Foimd. 

I. n. Mean. 

Na^'Q^ ea 28.85 

SfJa-e-* 144 65.88 65.06 66.35 66.2S 

SJJie- W 20.77 



2(-eftJVafl'-e.+a«.) 260 100.00 

SolubUUy. — Temperature at time of filtration, . . 10®. 

Temperature had varied between 5° and 10®. 
100 parts of the solution saturated at 10® contain : 

I. iL in. Mean. 

1.40 1.89 1.55 1.45 parts of the crystallized salt. 
Or, 100 parts of water at 10® dissolve 1.48 parts of the crystal- 
lized salt. 

Or, one part of the crystallized salt dissolves in 67.57 parts of 
water at 10®. 

Souchay and Lensen (loc. cit.) say that one part of the salt 
dissolves in 60.3 parts of water at 15.5®. 

OXALATB OF FOXABSIUK. 

This salt was prepared by neutralizing a commercial sample 
of quadroxalate of potassium with carbonate of potassium an4 
recrystallizing twice. 



jr*e 


Calcnlated. 
94.22 61.14 


I. 


Foand. 
n. 


m. 


Mean. 


■eaO. 


72.00 89.06 


38.99 


39.68 


38.68 


89.06 


-ffaO 


18.00 9.78 











■e«-K;i04+a«. 184.22 100.00 

SolvbilUy. — Temperature at time of filtration, . . 16®. 

Temperature had varied between 12® and 16®. 
(The temperature had remained at 16® for several hours.) 
100 parts of the solution saturated at 16® contain : 

I. n. Mean. 

24.73 24.89 24.81 parts of the crystallized salt. 

Or, 100 parts of water at 16® dissolve 32.99 parts of the crys- 
tallized salt. 

Or, one part of the crystallized salt is soluble in 3.03 parts of 
water at 16®. 
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BlNOXALikTB OF POTASBIUM. 

This salt was prepared as stated in the preceding paper. 
SolvhilUy. — Temperature for three hoars preceding filtration, 8^ 

Temperature had varied between 8** and 10.5®. 
100 parts of the solution saturated at 8® contain : 

I. n. m. Mean. 

8.680 8.681 3.668 3.676 parts of the crystallized salt. 

Or, 100 parts of water at 8** dissolve 8.816 parts of the crys- 
tallized salt. 

Or, one part of the crystallized salt is soluble in 26.21 parts of 
water at 8"". 

QUADKOXALATB OF POTASSIUM. 

fJ, KH^^, €J, ^i ^4 + 2 aq. 

This salt was prepared by recrystallizing a sample of com- 
mercial ^'binoxalate of pota8h'\ 

Calculated. Found. 

I. n. m. lY. Mean. 

jr«-0 94 Ji 18^ IB^ 18.45 

ACft-B^i S88.00 66.67 05 JO 6Sj68 SS.H 66.75 

8J7,e- M.00] 
Aaq. 



64.00) 
72.00 J «*-^ 



a(fj4jrHe4,-ea^.e4,+««?.) «»Ji 100.00 

Solubility. — Temperature at time of filtration, . . 18^. 

Temperature had varied between 12^ and 14.5^. 
100 parts of the solution saturated at 18® contain : 

I. n. Mean. 

1.774 1.784 1.779 parts of the crystallized salt. 
Or, one part of the salt is soluble in 55.25 parts of water at 13®. 
Or, 100 parts of water at 13® dissolve 1.81 parts of the crys- 
tallized salt. 

Pohl (loc. cit.) says that 100 parts of water at 20.6® dissolve 
4.957 parts of the salt dried at 100® (5.775 parts of the crys- 
tallized salt), which would go to show that the solubility must 
increase rapidly with the temperature. 
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Oxalate of Ammokium. 

This salt was prepared by neutralizing a hot solution of 

oxalic acid with ammonia-water. 

Calculated. Found. 

I. n. m. Mean. 

(iV5i)ft-9^ 68 88.02 

•Cft-e-fl 72 60.70 60.72 50.92 61.48 61.04 



aq. 18 12.68 



fja (^-^4)4 e-4+ Off. 142 100.00 

Solubility. — Temperature at time of fQtration, . . 15°. 

Temperature had varied between 13.5° and 15°. 

100 parts of the solution saturated at 15° contain : 

I. . n. Mean. 

4.028 4.076 4.052 parts of the crystallized salt. 

Or, 100 parts of water at 15° dissolve 4.22 parts of the crys- 
tallized salt. 
Or, 1 part of the crystallized salt dissolves in 23.69 parts of 
water at 15°. 

I verified the statement of Heintz* that this salt is less 
soluble in a solution of chloride of anunonium than in pure 
water. I added chloride of ammonium to a concentrated solu- 
tion of the salt, and there were deposited small crystals which 
gave by titration 50.93 per cent. "GjOj, showing that they were 
actually the normal oxalate. 

BiNOXALATB OF AMMONIUM. 

This salt was prepared as stated in the previous paper. 

Solubility. — Temperature at time of filtration, . . 11.5°. 

Variation of temperature — slight. 

100 parts of the solution saturated at 11.5° contain : 

I. n. ni. Mean. 
5.89 5.91 5.88 5.896 parts of the crystallized salt. 

Or, 100 parts of water at 11.5° dissolve 6.26 parts of the crys- 
tallized salt. 

Or, 1 part of the crystallized salt is soluble in 15.97 parts of 
water at 11.5°. 

* ZeitBch. f. d« ges. Natnrw. XX. 20. 
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In order to ascertain whether this salt dissolved unchanged, 
a portion of that remaining nndissolved, was titrated with the 
standard permanganate, and the percentage of oxalic acid 
found agreed with that of the original salt. 

QUADKOXALATB OV A M M O H I U M . 

€, (Nff^) Jje^, €, JJ, e, + 2 aq. 

This salt was prepared by adding to half an equivalent of 
oxalic acid (€,ir,-B^^ + 2o^-) an equivalent of chloride of am- 
monium (NH^ Cl)^ SB described in the preceding paper. 
Solubility, — Temperature at time of filtration, 7.75®. 

Temperature had varied but slightly. 
100 parts of the solution saturated at 7.75® contain : 

I. n. m. Mean. 

2.45 2.46 2.46 2.46 parts of the crysUllized salt. 

Or, 100 parts of water at 7.75® dissolve 2.52 parts of the crys- 
tallized salt. 

Or, one part of the crystallized sidt is soluble in 89.68 parts of 
water at 7.75®. 

OXA.I.10 AOID. 

€;jJ3i^4-h2 aq. 

A portion of pure crystallized oxalic acid was taken, and its 
solubility determined to be as follows : 
SolvbUity, — Temperature at time of filtration, 14.5®. 

Variation of temperature — slight, 
100 parts of the solution saturated at 14.5® contain : 

I. n. m. Mean. 

8.668 8.777 8.754 8.738 parts of the crystallized salt. 

Or, 100 parts of water at 14.5® dissolve 9.56 parts of the crys- 
tallized salt. 

Or, one part of the crystallized salt is soluble in 10.46 parts of 
water at 14.5®. 
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B. NATURAL HISTORY. 



OEOLOGT AND PAL-ZEONTOLOGY. 

1. Ok the Crbtaceous Age of Silyeb-deposits nr Chi- 
huahua, Mexico, by James P. Kimball, of New York. 

A tour made last aatamn and winter, from the Texas coast 
to the Grand Sierras, or Cordilleras of Mexico, near the 
thirtieth parallel, afforded a few geological observations of 
such importance that I venture to lay them before the Associa- 
tion. It will not be necessary on this occasion to enter into 
minute description. But the few points I have now to offer 
will, I trust, serve partly to bridge the gap in the knowledge 
of the country between the Bio Grande on the east, and the 
Cordilleras ; and to rectify a number of errors which mainly 
make up the meagre geological part of what otherwise is an 
interesting brief account of Chihuahua — that of Dr. Wisle- 
zenus of Col. Doniphan's Expedition in 1846-7, whose report, 
together with that of the Mexican Boundary Survey, contain 
the only references of any consequence to the geology of Chi- 
huahua, to be found in any language — so seldom has any 
other part of the state than the High Sierras been visited by 
scientific traveUers, while even that part, comparatively acces- 
sible from the Pacific Coast, is, along with the rest of the 
state, less known than any other portion of Mexico. 

The Cretaceous formation whidbi overspreads Central Texas, 
where it has been carefrilly studied by Professor Roemer and 
Dr. B. F. Shumard, is traced westward under pretty uniform 
conditions, beyond the Pecos, forming the table-land of the 
intervening belt, until, in the Limpia Mountains, its familiar 
features disappear and a new order of things supervenes. Up 
to this line the geology of Texas has been fixed. Within the 
great bend of the Bio Grande, the water-shed between the 
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Pecos and t6at river, presents geological features which have 
been described by travellers whose studies have not extended 
far into Chihuahua. While these features are anomalous in 
Texas, they prevail in Chihuahua, and are to be regarded, as I 
propose to show, as an extension of the same conditions which 
characterize the whole of the eastern slope of the Cordilleras 
in the north-eastern part of Mexico. 

Topographically considered, the whole surface of Texa^ is a 
part of the slope of the Mexican Cordilleras. From the Gulf 
of Mexico to the Limpia Mountains, which are only a 
part of a long dividing range between the Pecos and the Bio 
Grande, extending from New Mexico, there is a constant 
acclivity toward the west, which, gradual, until the Alluvial, 
Diluvial, and Tertiary coast margin is passed, becomes very 
marked as soon as the Cretaceous rocky strata set in. From 
San Antonio, five hundred and seventy-nine feet above the sea, 
which is near the line between the Tertiary and Cretaceous 
formations, the Cretaceous surface rises to three thousand and 
ninety-eight feet, at Leon Springs (some two hundred and 
eighty miles farther west), and to near four thousand feet be- 
fore the fossiliferous Cretaceous strata are covered by the 
rocks which form the Limpia Mountains. These mountains 
present a thickness from eight hundred to one thousand feet of 
a rock of peculiar character, «which has been described in the 
Report of the Mexican Boundary Survey, as a porphyry, and 
as furnishing a *' coarse granitic aggregate of which adularia 
forms a large part," both of which varieties, together with 
compact quartz, are referred to an igneous source : whence the 
inference is drawn that the Limpia Mountains, as well as what 
is mentioned as a continuation of the same range — the Sierra 
Bica, in Mexico — are an axis of elevation. From all these 
points I have to dissent. 

First, as to the lithological character of the Limpia Moun- 
tains. Although clearly porphyritic in its structure, and con- 
taining (yet rarely) small segregations rather than crystals of 
orthoclase, it presents, to the eye at least, the novel condition of 
a non-feldspathic matrix, and therefore, in the restricted sense 
of the term, can hardly be called a porphyry. The matrix is 
a ferruginous compact quartz, through which are diffhsed, be- 
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sides orthocUric, minate quartz, ayBtallizationB. * Henoe this 
rock is rather to be characterized as a porphyritic quartsite. 
These characters are uncommonly pronounced where the rock 
first sets in, namely, at Hackbeny Ponds. 

This is an extension of the same formation which over- 
spreads a large part of Chihoahoa — a fact ascertained by con- 
tinuity and relative stratigraphical position, rather than by 
lithological uniformity. The rock is disposed in starata whidi 
are gently undulating. Its ferruginous character causes it to 
weather excessively — especially where its consistency is not 
very dense* In the eroded valley of the Limpia, bold cUfb of 
it are seen weathered into massive picturesque columns of a 
dark ochreous color. The ferruginous coloring matter is prea- 
sent in the interior as red o^d. At Fort Davis a quany in 
this rock fteiishes a building-stone, called by the Mexicans 
cantera. Here its porphyritic characters have entirely disap- 
peared, its quality being a loose alumino-silicious aggregate. 
It may be cut with a saw, and much resembles the building- 
stone or carUera in use in the city of Chihuahua, and quarried 
in metamorphic strata at the same horizon as this. The same 
rapid transitions in consistency, yet a constant uniformity of 
its peculiar type, are witnessed throughout the wide develop- 
ment of this rock which I will afterwards designate as cantera 
(a Spanish word, simply meaning, however, building-stone). 
Its metamorphic character is indicated by phenomena ah*eady 
mentioned ; while the formation of the Limpia Mountains, by 
the mere accumulation of nearly level strata, is so distinct as 
to give no appearance of an axis of elevation. The relation 
of the metamorphic oaaUera to the underlying Cretaceous lime- 
stone, is revealed by a quarry below the level of the plain, 
which supplies the lime-kiln of the post. 

From the head of the Limpia, near Fort Davis, to Presidio 
del Norte, on the Rio Grande, there is a gradual descent of 
over twelve hundred feet. The cantera, which in high blufb 
skirts the valley-plains for some distance, comes down to the 
level of the road some sixty miles this side of the Bio Grande, 
and is succeeded by fossiliferous limestone, some thirty miles 
farther. The river terraces, five or six in number, begin ten 
to twelve miles from the river. Passing a corresponding set of 
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terraces on the west side, the surface begins immediately to 
ascend in impure limestones and calcareous shales, dipping 15^ 
to the north-west. The limestone, of a sandy character, con- 
tains numerous fossils, some in great abundance, among which 
are forms of Cretaceous fauna known in Texas, yIz. : Exogyra 
plicata, SccUaria TeaxiTia, Natica Texana, Lima Wacoensis, to- 
gether with species of Ammonites Ostrea^ and /noceromt^, 
and fish teeth. The Sierra de las Cuestas, which form the 
bluffs of the Rio Grande valley prox>er, and the continuation of 
these mountains to the south — the Sierra Bica — are made up 
of this Cretaceous series. The latter mountains are the centre 
of a slight dislocation which imparts to the series north-west 
dips from 15® to 20®, as seen in the mountains themselves, 
where the succession is, (1) lower shales and fissile slates; 
(2) blue limestone with inoceromus; (3) upper fissile calcare- 
ous shales ; (4) arenaceous cavernous limestone with inocero- 
mus; (5) a coarse metamorphic rock made up of crystalline 
quartz and orthodase. The Sierra Bica lode, bearing sulphu* 
rets of silver and of the base metals is encased in this fossil- 
iferous series, its highest outcrop being on the crest of a prong 
from which the quartzose rock of the neighboring summits has 
been stripped by denudation. 

The Conchos River valley seems to occupy an anticlinal axis 
of an elevation of the Cretaceous limestone series, the western 
part of which has been obliterated by river erosion, and only 
its eastern part preserved in the form of a gentle monoclinal, 
with a dip to the south-east. Such, at least, appears to be the 
structure of the Cuchillo Farado, the Chupaderos and Chor- 
reras Mountains, as seen from the Chihuahua road, which keeps 
along their base, across the Jornada or great barren plain of 
Resales. At its western end, where the bordering mountains 
draw together at the gap of the Gallina, between the moun- 
tains of that name on the east, and the Chupaderos on the 
west, a sudden increase of the south-east dip of the limestone, 
lets in the summit cantera with a sufficient thickness to form 
the mountains to the south and east of the Jornada; while 
westward the Chorreras range continues to raise the limestone 
in heights, from three hundred to five hundred feet, until oblit- 
erated at the bend of the Conchos, which cuts across it, and 
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whose valley here spreads out some twenty-five nules, mider 
the erosive influence of the close confluence with it of the Sac- 
ramento and Bosales branches. In this interval the limestone 
passes below the surface, and the metamorphic cantera sets in 
to form the elevations which, in north and south ranges from 
five to ten miles broad, separated by wide and longitudinally 
remarkably continuous valleys or valley plains, succeed each 
other all the way to the culminating line of the Cordilleras, 
and thus characterize their eastern flank in this latitude. An 
acclivity of the whole surface, toward the west, is very marked 
— all the way indeed from the Bio Grande, the road rising 
firom two thousand seven hundred and seventy-nine feet above 
the sea at Presidio del Norte, to four thousand six hundred and 
forty at the city of Chihuahua, and six thousand two hundred 
and seventy-five feet at Cusihuiriachic, the culminating point 
(Cumbres de Jesus Maria) being only four hundred and fifty- 
seven feet higher than the Peak of Cusihuiriachic, or eight 
thousand three hundred and seventy-five feet above the sea. 

This longitudinal succession of narrow ranges and wide 
champaign valleys, gives rise to a peculiar topography whose 
phenomena are mainly those of diluvial and alluvial erosion. 
The north-east dip of the cantera, though Uable to local varia- 
tions, is, on the whole, scarcely greater than the incline of the 
general surface. It is always seen under rapid disintegration, 
especially its more ferruginous portions. Its fine detritus over- 
spreads all the valley-plains in such thick and ever growing 
accumulations, as often to fill up former water-courses. Those 
which do not contain running streams, all have a basin configu- 
ration : that is, a depressed portion toward the middle ; while 
toward their borders the foot hills of the intervening moun- 
tains are seen in all stages of d^radation. Thus the valleys 
are widening at the expense of the mountains ; and their plain- 
like character is increasing under the determination of the 
finer detritus toward their former channels, now often dry 
except during the brief rainy season. These observations are 
true equally throughout the development of the metamorphic 
cantera in western Texas as throughout Chihuahua, north of 
the twenty-eighth parallel which I did not pass to the south. 
These phenomena, replete with interest, I can take occasion 
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now only thns briefly to note. One other observation in a 
general way, however, I may add. It is that these and closely 
related phenomena, point to the elevation of the whole eastern 
Cretaceous slope of the Cordilleras, comprising Chihuahua 
and the greater part of Texas, since the outlines of the pres- 
ent topography were determined by water-courses, now either 
entirely obliterated, or else taking an inconsiderable part in 
the river system of this extensive area. 

It will be understood that what I have distinguished as 
ixmJtera forms, with the exception of what I have called the 
limestone range, along the western base of which flows the 
Conchos, as much of the surface of Chihuahua as comes 
under observation in traversing the state by way of Presidio 
del Norte and the city of Chihuahua, as far west as Cusihuiria- 
chic — a point pretty well up toward the summit of the Cor- 
dilleras, — and as far north as El Paso by the road from the 
city of Chihuahua. This cantera overlies the Cretaceous fos- 
siliferous limestone, and is, I regard, a metamorphic upper 
member of that formation. 

I now come to the point the importance of which alone could 
warrant me in troubling you with local descriptions, namely : 
(1) that the seat of the principal known silver deposits of 
eastern and middle Chihuahua, is the Cretaceous fossiliferous 
limestone ; and (2) that the seat of other great deposits is the 
overlying cantera; also, I am disposed to think, of Cretaceous 
age, a metamorphosed superior zone of that formation. 

The Santa Eulalia range of mountains, one of the charac- 
teristic ranges already described, lies about half way between 
the Conchos and the city of Chihuahua. These mountains are 
mainly composed of quartziferous cantera, somewhat porphyr- 
itic ; but in the heart of them rises a boss of the underlying 
limestone in which are found the old Spanish silver mines of 
Santa Eulalia. Coextensive with this elevation of the lime- 
stone, and confined to it, is the mining ground comprising an 
area of not more than five square miles. From 1705 to 1791, 
during a period of 86 years these mines, according to ofilcial 
records, yielded $100,000,000 on which the quinto or King's 
fifth was paid to the royal exchequer. To this product from a 
fifth to a thir4 more is to be added for yield clandestinely ob* 
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tamed. The boss rises some eight hundred feet above the bor- 
dering plains and some five hundred feet above its immediate 
base. It is scored by water-courses, giving rise to deep ca- 
nons, in the bottoms of which and along whose bloffk the mines 
have been opened wherever access by bridle paths conld be 
got, while the tops of the limestone hills have likewise afforded 
entrance. The silver deposits are of a very irregolar descrip- 
tion. The bulk of them is an invisible chlorid of silver mi- 
nutely diffhsed through a decomposed and ferruginous matrix, 
sometimes associated with a low grade of argentiferous galena, 
and sometimes with salts of lead, and var^ring in richness 
from twenty-five dollars to one hundred and twenty-five dollars 
per ton. Occasionally rich pockets are found in which occur 
visible sulphurets of silver, and ciystals of horn-silver. This 
ai^entiferous material is found with quartz, gypsum and calo- 
spar, disposed between planes of stratification, or oblique Joints 
in the beds ; or in irregular decomposed courses in massive 
beds : sometimes thoroughly disseminated through a portion of 
a bed or a number of beds, and occasionally in drusy cavites. 
No particular choice seems to be given to any bed or any set 
of beds, but all alike have been, and are still, worked with 
much the same results. The whole series of beds is exceed- 
ingly cavernous. Natural caves, into which workings lead, 
were shown me capable of holding, it is said, the great cathe- 
dral of Chihuahua. This remarkable and unique character of 
the deposits has led both to vertical and horizontal workings. 
The same beds which are entered by caverns in the elevated 
portion, are reached by shafts in the bordering canons, as the 
dips bear them from above water level. All the beds are more 
or less fossiliferous. Inoceramus^ RadiolUes^ Pecten^ and a 
well preserved coral, together with other Cretaceous forms, 
being found outside any of the mines, but generally on weathr 
ered surfaces from which it is difficult to remove them. 

Besides the silver deposits in the Cretaceous limestone of 
Sierra Bica and Santa Eulalia, the intermediate limestone 
range at many points sustains a similar metalliferous charac- 
ter — argentiferous galena being well known in Mexico to 
occur in the Cuchillo Parado, in the Chupaderos and the Chor- 
reras; while, in Texas, I saw in the possession of M^Jor 
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Greneral Merritt, stibnite and galena fh>m the Chanate Moun- 
tains — probably from the same fossiliferons Cretaceoas 
horizon — inasmuch as I have a Fecten of that period from the 
same locality. 

Another slight isolated elevation of the limestone, on a pro- 
longation of the axis of the forementloned range, occurs low to- 
ward the base of the Sierra de Magistral between the city of 
Chihuahua and Cusihuiriachic. This locality is also well 
known as an old mining ground. The excellent silver mines 
of Corralitas, according to the Mexican Boundary Survey, are 
likewise in blue limestone, and though its age has not been 
determined, I may venture to predict it will likewise prove to 
be Cretaceous. (Rep. Mex. Bound. Surv. n, p. 1, Vol. I, 12.) 

Throughout its development, the cantera of the mountains, 
or the metamorphic Cretaceous, as I believe it to be, also sus- 
tains a highly metalliferous character. With the exception of 
the limestone rangQ (including the localities already men- 
tioned) it is the seat of all the silver deposits within the sec- 
tion of country visited by me as far west as Cusihuiriachic, 
and undoubtedly considerably farther, as evidences taken at 
second hand tend to show. Gold as well as silver occurs in 
this formation. 

The extensive old Spanish silver mines of Cieneguilla richly 
affording horn-silver in brecciated fissures traversing the ccm- 
tera are located some siity-five miles south-west of the city of 
Chihuahua. Some fifteen miles still farther south-west are the 
remarkable mines of Cusihuiriachic. The mining village of 
that name has an altitude of six thousand two hundred and 
seventy-five feet. Above it rises the bufa of the same name 
one thousand six hundred and forty-three feet. The fianks of 
this mountain, whose outlines have been determined by ero- 
sion, are traversed by noble fissures filled out with a complex 
vein-stuff of great richness in silver. A number of specimens, 
selected, but averaged according to grade, collected and as- 
sayed by myself, yielded from one hundred and forty dollars 
to thirteen hundred and fifty dollars per ton. These mines, 
under a practice both rude and desultory, have produced, 
in the course of two centuries, some $100,000,000. The 
quartziferous character of the cantera here predominates. 

A. A. A. S. VOL. XVm. 98 
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Here, as elsewhere, the more exposed portions exhibit the 
most strongly marked metamorphic aspect, as if its metamor- 
phism had been effected by molecular and chenucal changes of 
an alumino-silicious or felspathic, and perhaps somewhat cal- 
careous and magnesian, aggregate, under the influence of the 
atmosphere and percolating waters. As tending to such a 
view, it will be necessary only to instance, besides its strati- 
graphical conditions and attitude, the apparent elimination of 
its more soluble ingredients as indicated both by the vesicular 
character of weathered surfaces, and by the remarkable fact 
that in all low places wherever the carUera is extensively de- 
veloped, a rubble is found cemented by a carbonated base. 
This cementing material seems to have been derived from 
mineral percolations springing from the surperincumbent rocks. 
Such a concrete is found also under the detritus which, sup- 
plied by the cantera of the mountains, covers th^ valley-plains. 
Another observation bearing on this point, is the frequent oc- 
currence of the soft earthy aggregate, or the typical cantera 
(building-stone) as a portion of the formation, particularly at 
the base of mountains, below or near natural drainage. More- 
over, the cantera, both hard and soft, indicates in part a detrital 
origin by its inclosure of breccia and pebbles, thus bearing 
out the general impression it gives of altered felspathic 
sediments. 

Professor Gabb has recently calledr attention to the occur- 
rence of Texan Cretaceous fauna in Sonora, where they were 
found by the late Mr. R6mond, as going to show a ^^ water 
communication between the great Cretaceous sea that covered 
so much of what is now the central portions of our continent, 
on the one side, and the Pacific on the other. The recogni- 
tion of the Cretaceous near Arivechi in Sonora, according to 
Mr. Gabb, was only the second locality reported of its occur- 
rence in the whole area of Mexico, the other being in the State 
of Puebla. 

Although the metamorphic Cretaceous is, through the labors 
of the California Survey, well known in numerous localities in 
the coast ranges, as a seat of gold deposits and the Jurassic, 
east of the Cordilleras within thd territory of the United States, 
of silver deposits, the instances which I have just given, of 
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the uneqaiyocal fossiliferoas Cretaceous, as well as a probable 
metamorphic and later zone of the same formation, as sources of 
silver ores, are the first, I believe, yet brought to light in North 
America. The only similar occurrence of which I am aware is 
in Chili, where, according to Mr. Remond, calcareous and fos- 
siliferous Cretaceous strata, the same as at Santa Eulalia, carry 
irregular silver deposits.* 



2. Remarks ok the Age and Relations of the Meta- 
morphic Rocks of New Brunswick and Maine. By 
George F. Matthew and L. W. Bailey, of the Geo- 
logical Survey of Canada. 

The sediments to which the following remarks chiefly relate, 
are embraced in the most southerly of three spurs projecting 
to the north-east, from that iextensive tract of altered and often 
highly crystalline rocks which occupy the greater part of New 
England ; and lie between the unaltered Silurian of New York 
on the one hand, and the New Brunswick coal fleld on the 
other. 

Dr. G^sner, who made a geological survey of New Bruns- 
wick between the years 1838 and 1842, recognized the exist- 
ence of granitic ridges in two of these spurs, and spoke of the 
slates in the central part' of the Province as Cambrian, while 
those which lie near the Bay of Fundy were described as Silu- 
rian. Subsequently the late Dr. James Robb, of King's Cpl- 
lege, Fredericton, in a geological map published about 1850, 
and in an explanatory chapter in Johnston's '^ Report on the 
Agricultural Capabilities of New Brunswick," retained in the 
main this arrangement. In both cases it would appear that 
the classification was based upon the highly altered character 
of the rocks, and the paucity or entire absence of organic 
remains. 

•See an article by the writer in the American Journal of Aits and Scienoea, 
vol. xlTiU, 1800, p. 878. Notes on the Geology of Western Texas and of Chihoahna 
Mexico. 
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Yeiy little was added to oar knowledge of these obscure 
and puzzling formations for a number of years. About the 
year 1858, one of the authors of this paper, Mr. George F. 
Matthew, began observations at the city of St. John, result- 
ing in discoveries which enabled Dr. J. W. Dawson to pro- 
nounce some of the deposits in that vicinity to be of Upper 
Devonian age. At the beginning of the present decade, a 
Geological Survey of the State of Maine, under Prof. C. H. 
Hitchcock, was undertaken, through which a knowledge of the 
age of some of the metamorphic rocks adjoining New Bruns- 
wick was obtained.* In the following year the characters of 
the metamorphic belt eastward of St. John were observed dur- 
ing a reconnoissance made for the Government of New Bruns- 
wick by the authors of this paper, in connection with Prof. C. 
F. Hartt. We were enabled to show the existence of Lauren- 
tian, Huronian and Primordial strata in l^e tract examined, 
and of Upper Silurian in Charlotte County, as well as to indi- 
cate the wide distribution of Devonian sediments along the 
coast both east and west of the St. John River. A large 
area, however, of altered rocks between the latter and the 
border of Maine, still remained in great part unknown. 

When the work of the Geological Survey of Canada was ex- 
tended to this Province in 1868, the authors of this paper 
undertook the examination of the area to which reference has 
been made. The following remarks embrace the principal 
results obtained by us, together with a summary of the facts 
at present known with reference to the structure of this and 
the neighboring regions. 

Laubentian Series. 

The assemblage of rocks referred to this system occupy an 
area surrounded by more recent formations, about forty miles 
long and eight broad, extending from Mace's Bay, an indenta- 
tion of the Bay of Fundy, north-eastward into King's County. 
It is well exposed in the Narrows of the St. John River, a 
few miles northward of the city of the same name. 

The succession in this series is much obscured by faults 

* We shall have occasion to refer to the yolaminoas obserratlona made in parts 
of the State fiurther west, by Prof. Hitchcock, in the sequel. 
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and overlaps, but exhibits a repetition of beds similar in min- 
eralogical characters to that observable in the same series else- 
where. It presents a great body of gneiss, often granitoid in 
aspect, and includes one or more bands of crystalline lime- 
stone, constituting veritable limestone formations many hun- 
dred feet in thickness, interstratified, however, with beds of 
quartzite and diorite. The limestones are in some cases fine- 
grained, but in others very coarsely crystalline, and include 
workable beds of crystalline graphite. Some of the limestones 
are micaceous, and they are often mixed with a pale green 
translucent serperUiney closely resembling that found in the 
Laurentian limestones of other parts of the continent. 

In the south-western part of Charlotte County there is 
another area luid several smaU patches oi granitic and syenitic 
gneiss,* with gneiss conglomerate, which, mainly on litholog- 
ical grounds, we are disposed to refer to the same formation. 
Limestones, however, are much less abundant in these than in 
.the Laurentian of St. John County. 

Labrador Series. • 

Several hills of crystalline felspar rock, associated with 
hypersthene,t ^^^ ^ some cases with magnetic iron, are found 
lying between the Laurentian and the Cambrian in St. John 
County. Dr. Hunt, who has recently visited the locality, con- 
siders them to be identical with the anorthosite felspar rocks 
of the Labrador or Upper Laurentian series, and is disposed 
to refer them to that formation. 

CAMBBZAK or BXJROTXlAIf SERIES. 

The rocks referred to this series are exposed in two bands 
extending north-eastward from near the city of St. John, each 
about thirty miles long and three or four wide. Their greatest 
observed thickness is about ten miles east of St. John, where 

*The largest exposaro of these syenites has hitherto been regarded as a part of 
the long granite ridge represented in maps heretofore made, as extending through 
the metamorphio area south of the coal-fleld. They are eyidently much older than 
the slates around them, and are quite different from the Nerepis granites to which 
we shall have occasion to refiar in the sequel. They are regarded by Dr. Hunt as 
true Laurentian rocks. 

I The hypersthene of this rock is sometimes in cleayable crystals one or two 
inches acrosf . 
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it is apparently not less than seven thousand feet. West- 
ward this thickness becomes, within a short distance, very 
greatly redaced, and where the beds cross the St. John River 
does not exceed fifty feet. Beyond this point, in the same 
direction, they have not been recognized. 

The beds of this series consist mainly of hard felspathic 
rocks, often approximating to a petrosilex. They are more or 
less quartzose and generally epidotic^ and vary in color fW>m 
pale greenish or reddish to gray and dark gray. With them 
are associated considerable masses of diorite. At the base 
are hard red quartzose conglomerates and red argillaceous 
sandstones, and at the summit softer red sediments of the 
same color. In the finer felspathic rocks the stratification is 
often obscure, but may generally be detected in the coarser 
beds, which, towards both the base and summit, become a con- 
glomerate or breccia. 

In many of its features this group of rocks recalls the Huro- 
nian series of Canada, with which its stratigraphical relations 
would seem to make it equivalent. 

LOWXR SiLUBIAN. 

This series includes about one hundred and fifty feet of 
slates (holding Paradoxides^ ConocephcUites^ Agnostus and 
other trilobitea, besides several genera of brachiopods), and an 
overlying mass, measuring not less than two thousand feet, 
of fiags and slates containing Linguloe, worm-burrows, &c. 
These rocks lie chiefiy in a narrow valley, about thirty 
miles long and four miles wide, between the ridges of 
Cambrian rocks mentioned above, and to which they are 
conformable. They are well exposed about the city of St, 
John, beyond which they extend but a short distance to the 
westward. Strata of this age also cover portions of the Lau- 
rentian rocks north and west of St. John. 

The basal portion of this formation, in which alone trilobites 
have been found, was pronounced by Professor Hartt (in 1865), 
in a preliminary notice embodied in our report of that year, 
to be truly primordial, and equivalent to the Etage C of Bar- 
rande in Bohemia, a conclusion confirmed by Mr. Billings, 
who pronounced these rocks to be the same with those of the 
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** Lower Lingula Flags" of Great Britam, and in all probar 
biUty the same with the St. John Group of Newfoundland, 
and the Paradoxides beds of Braintree, Mass., while they repre- 
sent an horizon lower than that of the Potsdam of New York. 
The latter may be in part represented by the upper members of 
the St. John Group. 

Uffeb Silubian. 

Rocks of Upper Silurian age hare been recognized by their 
organic remains at Cobscook Bay in Washington County, 
Maine, and eastward of Fassamaquoddy Bay in New Bruns- 
wick. The great metamorphism which these sediments have 
undergone, and the resemblance borne by many of them to 
those of the Devonian series, often render their recognition 
difScult, but about Fassamaquoddy Bay, where they are best 
exposed, and where they mainly constitute the larger islands 
which here skirt the coast, they appear to consist of a thick 
series of gray and dark gray, sometimes sandy, shales, black 
fissile carbonaceous slates, felsites (frequently amygdaloidal), 
and heavy beds of diorite. They are almost everywhere in- 
clined at high angles. 

A mass of gray felspathic slates, diorites and light colored 
felsites, described in previous publications under the provis- 
ional name of the Kingston series, has been supposed to ap- 
pertain to the group now under consideration. Our present 
knowledge is not sufficient to enable us, in the absence of fos- 
sils, to pronounce confidently as to the age of these rocks, but 
from the data possessed by us we are inclined to regard them 
as including both Upper Silurian and Lower Devonian beds, in 
this respect resembling a portion of the slates bordering the 
great coal-basin to the north, in which fossils, belonging near 
the base of the last named group, have been found, and which 
will be again referred to in the sequel. 

From the Devonian series, to which the Kingston rocks 
bear some resemblance in lithological characters, they difibr 
chiefly in their great uniformity over wide areas; for while 
the former (as will be presently shown) present very difilsr- 
ent aspects between the St. John River and the Fassama- 
quoddy area, the latter, from the central portion of King's 
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Coantj to where they disappear upon the coast, a distance of 
fifty miles, retain their peculiar featores unaltered. 

Silubo-Dkyonian.* 

That portion of the metamorphic area in southern New 
Brunswick not occupied by the rocks above described, consists 
of Siluro-Devonian striata and granite. Of these the latter 
forms a ridge of variable width, having Siluro-Devonian sedi- 
ments on each side. The two together probably occupy three- 
quarters of the metamorphic country south of the coal-field. 

Two principal divisions of these sediments may readily be 
distinguished on the south side of the granite ridge, viz. : — 

8t. John Cotmly. CkarlotU Ckmmig. 

DiviMOH. i ' Grajraandatonee, black Blatee, I Gmy and black riUcioiiB 

"Dadoxylon aandstones." j 



Ufpbr 

DITI8ION. 




Upper. 



Courlomerales and dloiltea, { Conglomerates, flass and 
"Cordaite," \ dioritea. 

Fine-grained Blatea and oitho- {Gray and red orOio- 
phyre, "do." \ phyre. 

f Conglomermte and slate. { Conglomerate and slate. 

I Granitoid grit. { Gri^ feisites. 

] Talcoid (?) slates and lime- \ Talcose slates and Ume- 
stone (thin and peiiiaps local) . { 



L stone (thin and peiiiaps local) . ) stone. 

The basal part of the Lower division, which about St. John 
and to the eastward of it consists of hard conglomerate rocks, 
is represented m the western part of the county of the same 
name by felsites, limestones and conglomerate. A projecting 
ridge of Laurentian gneiss intervenes between the two de- 
posits. Still farther west (as in Charlotte County) felspathic 
slates are found at this horizon. 

Ghranitea. — The mass of granite which extends flrom the 
Digdequash River in Charlotte County to the St. John River 

•A more extended knowledge of the Devonian rocks than we possessed at 
the time that our Report on the Geology of sonthem New Bninswick was w^i^ 
ten, has led as to modify the classiUcatlon of this series given there, and in an arti- 
cle on the Azoic and Palaeozoic rocks of southern New Brunswick. The fbssil- 
iftrouB portion Included in those publioationB under the name of " Little Biver 
Group,»» Is now divided, the "Dadozylon Sandstone," being assciciated with the 
Bloomabury series under the new designation of the Lepreau division, and the 
"Cordaite shales" connected with the Mispeck or upper division. An the beds 
denominated "Upper Bloomsbury>» in the older report are included under the 
head of « Lower Lepreau," and the " Mispeck" of the ibrmer publicationa in like 
manner is spoken of as " Upper Hispeck." 
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in Queen's County, is closely connected with the basal portion of 
this Siluro-Devonian series. These granites rise into hills of 
considerable altitude, and may be well seen on the Nerepis and 
Musquash Rivers which cross the middle of the granite range. 
At the former stream the central portion of the mass consists 
of fine-grained, tawny felspathic granite or eurite, porphyritic 
with numerous crystals of felspar and rounded grains of quartz. 
On either side of this lie coarse red granites, also porphyritic, 
and holding occasional rounded lumps of gray gneiss and 
granite, or rarely a boulder of quartz-rock. At this horizon in 
the granitic mass the rock is often loose in texture and dis- 
tinctly laminated. This laminated structure results from the 
presence of numerous parallel planes in the rock, dipping at 
low angles. It is probable that these indicate half obliterated 
sedimentary layers, for, on the West Musquash River, the cli£b 
of this crumbling variety of granite present that irregularity 
of outline so often seen in sandstone deposits made up of 
beds of unequal hardness. The highest beds of granite con- 
tain but little quartz and mica and thus pass into crystalline 
felsites. 

Age of the Qranite. — The section of this mass of crystalline 
rocks exposed in the Nerepis valley exhibits their relations to 
the overlying slates very clearly. From the finer granites 
towards the centre of the mass we pass in descending this 
river to tawny syenite, with well defined hornblende crys- 
tals ; this is followed by red syenite, which in its turn gives 
place to a syenitic rock in which the hornblende does not ex- 
hibit distinct crystals, but is in the form of dark earthy spots 
in the red rock. The deposit which overlies this is one of dark 
yellowish or reddish crystalline felslte ; this differs from the 
syenite in holding a smaller proportion of quartz, but still con- 
tains much hornblende. In the upper one thousand ( ?) feet 
this rock is cryptocrystalline. Immediately upon this rests 
one hundred feet of somewhat slaty petrosilicious rock contain- 
ing Siluro-Devonian fossil shells. These rocks are covered by 
one hundred and fifty feet of dark gray crystalline felsite and 
diorite, which in its turn is overlaid by eighty feet of dark gray 
silicious slates, holding shells of the same genera as those in 
the lower beds. 

A. A. A. S. VOL. XVin. 84 
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So far as can be judged from the ezposores along ttiis valley 
there appears to be a gradual passage from true granite through 
felsites to undoubted Siluro-Devonian rocks. Though the 
same transition has not been elsewhere so clearly marked, yet 
at several points along the southern border of the granitic area 
facts may be noted which tend to confirm this intimate relation 
of the latter to the overlying Devonian strata. On the eastern 
shore of the St. Croix River in Charlotte' County, ten miles 
above St. Andrews, is exposed a succession of granitoid rocks, 
resting upon Laurentian gneiss, which both in color and tex- 
ture recall the granites of the Nerepis range. They are of red 
or reddish gray colors, often weathering to a bright rusty red, 
and are, for the most part, an imperfect syenite, containing 
much red felspar and a soft green uncrystalline mineral allied 
to hornblende. Portions of the rock are highly epidotic. In 
descending the river these granitoid rocks are followed by, and 
seem to pass into, fine dark gray felspathic rocks, which are m 
turn succeeded by gray felspathic and epidotic sandstones. 
These latter, like similar beds in Ferry, Maine, contain shells 
of Lingulse. 

On the western side of the river these red granitoid rocks 
form the major portion of the shore through Bobbinston, in 
Maine. There are two objections to the view that the Nerepis 
granites are Devonian which may have some weight. In the 
slate country, between the granite ridge and the Bay of Fundy, 
where Upper Silurian and Siluro-Devonian strata are upturned, 
and show their basset edges for many miles, no granitic 
rocks, or mass of sediments which in bulk and texture would 
represent them, appear at the base of the Siluro-Devonian. 
Again, the movements which ensued towards the close of the 
Devonian age, and in the interval between the latter and the 
unconformable deposition of Carboniferous sediments, would 
seem to have found in the area now occupied by the granites a 
resisting mass, against which the slates were pressed up on 
either side. Unless then such a barrier were affbrded by the 
Laurentian gneiss, which both in western Charlotte and at 
Hampstead in Queen's County, are seen to lie beneath the 
granites of the Nerepis, these latter would appear to have been 
already metamorphosed and hardened prior to the deposition 
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of the overlying slaty deposits, or if in the condition of ordi- 
nary sandstones to have been at least more unyielding than 
these latter. 

The Huronian formation of St. John County has many points 
of resemblance to the Siluro-Devonian series. A transformsr 
tion of grits and conglomerates of that series into red syenite 
was commented on by one of the authors of this paper in a 
former article.* But these lack the porphyritic structure and 
coarse texture of the Nerepis granite, and we could find no evi- 
dence of the presence of the older series in the tract where 
these granites occur. 

It may be noted as a significant fact in this connection, that 
at every point but one,t where the border of the granitic mass 
has been examined, Siluro-Devonian slates have been found to 
be next them, and to dip away from the granitic ridge on both 
sides. These slates (or petrosilicious rocks) on the south side 
of the ridge, belong to the Lower Division of the series, so 
that the granites, if they are altered sediments of the same 
series, are at the base of this lower division. 

It may be noted also, as tending to confirm this view, that 
near the granite in the metamorphic country north of the coal- 
field, fossil shells have been found indicating an horizon near 
the base of the Devonian series or at the summit of the Silu- 
rian. Should the slates containing these fossils be found to 
dip beneath the granite, which is coarsely porphyritic, and in 
other features bears much resemblance to the granites of the 
Nerepis, little doubt of the Silurian age of these latter will 
then exist. { 

On the whole, the facts thus far known strongly favor the 
view that the Nerepis granites are altered sandstone and grits 
at the base of the Siluro-Devonian series. 

Dadoxylon sandstone. — In St. John County a part of the 

• G. F. Matthew— Quarterly Journal of Geological Society, Nov., 1885. 

t In the exceptional cases referred to the granitic rocks are brought in contact 
with the Kingston series (Siluro-Devonian ?) by a fkult and upthrow of the latter. 
Opposite to this point (where the granite approaches the Bay of Fundy) the lower 
beds in the coastal deposit of the Upper Devonian, more nearly resembles granite 
than elsewhere. 

% Such would appear to be the case in Nova Scotia, where along the southern side 
of the Annapolis Valley, a series of slates, holding an assemblage of shells of 
Lower Devonian aspect, are described by Dr. Dawson as dipping downward 
towards a ma«8 of coarse porphyritic granite. 
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Devonian strata have been called the *' Dadozylon BandsUmes/' 
on account of the numerooB tmnka of trees of this genus im- 
bedded in the sandy layers. The formation here also contains 
an abundant and varied flora of the period, as well as remains 
of insects and crustaceans. Within the county, and for many 
miles beyond it to the westward, these sandstones are inter- 
calated with slaty beds. Immediately around the sandstone 
tract t^ese slates are soft, black and carbonaceous ; farther to 
the westward they alternate with silicious layers ; and in the 
Nerepis Hills to the north-west, and about Fassamaquoddy Bay 
to the south-west, the Siluro-Devonian slates, although dis- 
tinctly banded with alternating gray and black layers, are sili- 
cious throughout. 

Mispeck Bocks. — In passing upward, from the strata just 
described, to this division, a decided change may be ob- 
served. There is here a return to diorites, conglomerates 
and bright colored slates, such as may be seen in the lower 
series. These bright colored rocks are succeeded by pale 
green slates (" Cordaite"). In the Siluro-Devonian series they 
are represented by felspathic slates, fine grained homogeneous 
felspathic rocks, of dark gray (white weathering) and dusky 
red (bright red weathering) colors, which are often porphy- 
ritic with crystals of orthoclase, and become veritable ortho- 
phyres, or claystone porphyries, without any trace of lam- 
ination, except that in a few places they exhibit distinct 
bands of color. These colored layers are in the lower portion 
of the mass. 

On the south side of the granitic ridge there is about the 
middle of this division a group of conglomerates and slate beds, 
differing from that at the base in the absence of dioritic and 
other green beds. These conglomerates are covered by a thick 
mass of altered grits, often granitoid in appearance, but at 
other times assuming the aspect of coarse talcose and fel- 
spathic schist or gritty felsites. 

Some impure earthy limestone beds, of no great thickness, 
with talcose and chloritic slates, are found at the summit of 
the series. 

Conditions of deposition. — It may be inferred, from the nature 
of the deposits in the Upper Devonian series, that by far the 
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greater part was of littoral origin, or deposited in shallow 
basins partly shut off from the sea.* 

From the Devonian and Siloro-Devonian rocks, to which 
the above remarks are limited, the slates on the north side 
of the granite ridge differ in their remarkable uniformity over 
large areas — a uniformity so great that exposures seventy 
or eighty miles apart present strata of exactly the same char- 
acter. In this respect they are more nearly in accord with the 
Kingston rocks, south of the granite. Although dipping off, 
therefore, from the latter on the north as the Siluro-Devonian 
slates do on the south, and though they present a succession 
of beds parallel to these in general aspect, we do not as yet 
feel confident in asserting that they are the same. 

Granting the Devonian age of these rocks, the relation of 
the areas north-west ^d south-east of the granite ridge would 
appear to have been, as regards the conditions of deposition, 
very much the same at this time as during the Carboniferous 
era. In the open basin or pelagic area to the north, the strata 
present the following succession : 

Felaites. 

1. Dark clay slate or carbonaceons schist. 

S. Micaceous quartzite or qnartz on mJca schist. 

8. Fine greenish micaceous slate. 

4. Coarse green micaceous slate. 

In the slates of No. 1, north of the Douglas Valley in 
Queen^s County, plants which resemble those of St. John have 
been found. About twelve miles farther east numerous shells, 
crinoids and some trilobites occur in nearly horizontal beds of 
gray shale underlying dark gray silicious felsites. To the west 
fine grained ferruginous gneiss, micaceous quartzite, and mica 
slates occur in connection with this same division. In these 
mica slates well defined crystals of staurotide^ andahisite and 
garnet have been developed. 

Nos. 3 and 4 are a succession of highly micaceous slates, 
pale green and argillaceous in the lower part, but of a brighter 
apple green tint and of a coarser texture in the upper. 

Disturbances at the close of the Devonian age. — In the com- 

*The occurrence of land plants in the Lepreau Diyision on the St. Croix and 
Herepis as well as at St. John, together with the occurrence of Oordaitet through 
the entire mass of the Lower Mispeok rocks, near the city last named, leave little 
doubt of the oorreotness of this yiew. 
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position and stractnre of several of the groups to which tJie 
preceding remarks refer, many features present themselves 
which suggest the latter portion of the Devonian Period, or the 
interval which elapsed between this and the opening of the 
Carboniferous era, as having been in this part of the continent 
one of marked physical changes. Great alterations of level, 
marked by excessive denudation, had no doubt taken place in 
earlier periods, as at the close of the Laurentian, and towards 
or at the close of the Lower Silurian Period, but as the 
Devonian age was drawing to a close movements of greater 
magnitude, and involving all the formations of earlier date, 
would seem to have taken place in this portion of Acadia. 

The features to which reference has been made, consist in 
the metamorphism and debituminization of the sediments, as 
well as in the extreme plications of the strata, accompanied 
by the production of a slaty cleavage in the more schistose 
beds. In these plications the Devonian beds have been af- 
fected equally with those of the Cambrian and Primordial, 
while on the denuded edges of both the Lower Carboniferous 
sediments rest unconformably. The first indications of these 
changes which we have are to be found in the passage beds 
between the Lepreau and Mispeck divisions of the Devonian 
series. A rapid decrease in the dip of the slates at this hor- 
izon, observed at several points in the littorM zone south of 
the granite range, probably marks the banning of the great 
displacements which culminated at the close of this age. 

It has already been said that the great gneiss-granite range 
in the centre of the southern metamorphic belt continued to be 
a stable area against which the slates were pushed up. This 
is very clearly seen on its south-east side, where a law of dis- 
placement, similar to that traced out by Rogers in the Alle- 
ghanies, and by Sir W. E. Logan among the rocks of the 
Quebec Group, holds. Instances of it may be seen in the east- 
em part of St. John County, where the lower Cambrian slates 
are met with on the south-east side of a fold, and the higher 
beds of the same formation with primordial slates on the other. 
In the western part of the same county similar displacements 
may be seen, having the strata uplifted on the south-east side. 
But the most strongly marked break is one nearer to the 
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granite ridge ; this fault nins parallel to it for forty miles, with 
the Siluro-Devonian slates on the north-west side, and slates 
of the Kingston series on the south-east. 

The same granitic axis has also played an important part in 
influencing the direction of cleavage planes in the slates. 
These on both sides of the ridge are parallel to its general 
course, and dip away from it on each side ; even where the 
course of the slates changes, the direction of the slaty cleavage 
remains the same, so that masses of the Devonian rocks are 
sometimes seen in which the cleavage planes cross the strike 
of the beds at right angles. 

thb Silubo-Deyokian in Mainb. 

Having found, contrary to expectation, that the rocks in the 
greater part of the metamorphic country in New Brunswick, 
near the United States border, are of Devonian age, and since 
the various bands of slate on the British side have been traced 
through portions of Maine, by Professor C. H. Hitchcock and 
others connected with the survey of that state, we venture to 
offer here some suggestions and conjectures on the probable 
age of the schists, granites, etc., in the south-eastern half of 
Maine. 

The granite ridge of southern New Brunswick, to which al- 
lusion has frequently been made in preceding pages, enters 
the State of Maine in the township of Calais. It is here repre- 
sented by a thick body of conglomerate-gneiss (composed of 
dark syenitic pebbles, from two inches to as many feet in di- 
ameter, enclosed in a white granitic, often porphyroid, matrix), 
dark syenitic gneiss and white granite, which we believe to be 
Laurentian, and a mass of red weatheriug coarse granitoid 
rocks which may represent those of the Nerepis, and perhaps 
constitute the basal portion of the Siluro-Devonian. Both of 
these are probably represented in the granitic district of south- 
eastern Maine, which, according to Professor HitcEcock, is 
continuous to the sea in the vicinity of Jonesport. 

To the eastward of this ridge we appear to have chiefly Si- 
luro-Devonian rocks, with occasional bands of upturned Upper 
Silurian. The ^^ traps" of this area correspond to the diorites, 
etc., at the base of the upper division, and the '^red jasper" 
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to the red felsites and orthophyre above them. It is probable 
that the lower diyision will be but meagrely represented, and 
the upper half of the upper division wanting in this tract, 
such being the case around Fassamaquoddy Bay. 

On the north-west side of the granite ridge noted, we again 
meet, in New Brunswick, Devonian slates, now in their pelagic 
aspect. On the Maine border, above Baring, these consist of 
fine-grained gray gneiss and micaceous quartzite, the former 
dipping towards and abruptly meeting the gneiss conglomerate 
above alluded to, within which along the line of junction small 
pieces of the Devonian gneiss are imbedded, as though frag- 
ments of the latter had sunk in the pasty mass.* Farther 
north these Devonian beds are folded and dip northward, pass- 
ing beneath a heavy body of fine greenish and grayish micace- 
ous slate, which here represent, perhaps, some portion of the 
Siluro-Devonian series. 

A similar arrangement is indicated by Professor Hitchcock, 
who represents the slates or schists north of Baring as lying in 
a basin between the granitic ridge above named, and another 
which crosses the northern part of Washington County, and is 
supposed to connect through the northern part of Hancock 
County with the granitic masses around Mount Desert on the 
coast. On the southern side of this last granitic ridge, and 
forming the northern side of the trough are a series of beds, 
described as quartz-rock and calciferous mica schist, and which 
are said to be the same as those known to extend through York 
County, N. B., towards the Bay de Chaleur. This belt of 
rocks has been recognized, with essentially the same features, 
by one of the authors of this paper, on the St. John River 
above Fredericton, and about Grand Lake in the eastern 
Schoodic region, in the State of Maine. As observed by the 
latter, it consists of clay slates f and thick intercalated beds 
of quartzite, etc., rather than of mica schist, and if, as may be 

*Dr. Dawson, in his " Acadian Geology" (2d ed., p. 489), describes a similar 
occnrrence in the case of the Devonian rocks on the sonth side of the Annapolis 
Valley. These slates, holding fossils of Lower Devonian aspect, are described as 
dipping into a great mass of white granite, the slates near the Junction having 
been tamed into gneissoid rock holding garnets, while numerons angular frag- 
ments are enclosed in thegrimite, which also sends veins into the slates. 

fit is in this band of slates that fossils of Devonian aspect have been obtained 
by Hr. C. Bobb, north-east of Fredericton. 
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the case, it here represents the rocks of the Lower Deyonian 
series, it more nearly resemble these as seen near St. John 
than those above alluded to as forming the southern side of 
the trough now under consideration. 

The granites on the north side of this basin, both in New 
Brunswick and Maine, are coarsely porphyritic. They have 
recently been examined on the St. John Biver, where along 
their southern border they are of a reddish tint, containing 
both orthoclase and albite or oligoclase. Farther north the 
rock is of a lighter color, consisting of a gray granite (with 
white orthoclase and black mica), and sometimes contains 
masses of dark micaceous quartzite. At several points it is 
overlaid by gray gneiss, holding bands of micaceous quartzite, 
which also constitute the rocks first seen on the northed slope 
pf the granitic mass. These may be the '^ argillo-micaceous 
schist^," described by Professor Hitchcock as holding a simi- 
lar position in Maine, and which are said to extend in an ^^ es- 
sentially unaltered form to the Saco Biver," in fact nearly 
reaching the south-west comer of the State. At this end of the 
basin, where probably the lower beds are exposed, the rock 
contains garnets, staurotide and kyanite. Along the north- 
east side (in Northport) it holds andaluaite. If these rocks 
represent here the lower part of the Devonian slates, as the 
mica schists holding a similar position and containing the same 
minerals .do in the central parts of Charlotte County, the 
geology of this portion of America will be greatly simplified. 

There is a belt of granite associated with masses of ob- 
scurely stratified gneiss and beds of pyritiferous mica-schist, 
extending along the coast of Maine, from Portland eastward 
to the mouth of the Penobscot Biver, which, as described in 
Professor Hitchcock's Beport, resembles the Laurentian series 
of New Brunswick*. With this exception and possibly that of 
the belt of slates and quartzites* which skirt the southern 
edge of the northern granite belt, nearly all the formations of 
south-eastern Maine might, on lithological grounds, be com- 

* A boulder composed of rock, not distingnlsbable from these quartziteSj has 
been found by Mr. Charles Bobb, near the Eel Biver in York County, which con- 
tains several unmistakeable firagments of graptolites. Should these be found to 
characterize this belt, the latter would of course be referred to the Lower Silurian, 
which as seen in St. John, they resemble quite as closely as they do the Deyonian. 

A. A. A. S. VOL. XVin. 25 
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pared with those of the Silaro-Deyonian and DevoniaA series 
in New Brunswick. Among these, however, may be isbmds 
or ridges of older rock, as is probably the case at some points 
along the eastern border. 

One object in preparing these remarks has been partly to 
enable New England geologists to test the value of oar work 
in New Bmnswick, bearing on the geology of Maine. As 
it may assist in the discovery of organic remains in the 
Devonian rocks of that State, we may add that with ns the 
Mispeck division is almost devoid of such, so far as we know, 
except to the eastward of St. John, where plant remains occur 
sparingly in the lower half (^'cordaite shales"). The Lepreaa 
division is the great repository both for these and for marine 
organisms. Plants are more abundant in the upper and more 
silicious half (equivalent to the Dadoxylon sandstone), and 
shells with a few plants in the lower. 

It may be inferred that the discovery of such remains in the 
metamorphic tracts of New England is not improbable, from 
the fact that they are met with in New Brunswick, only a few 
miles from points where the slates are so highly altered as to 
be filled with crystals of andalusite, staurotide and garnet. 

NOTB. 

It is proper to add here that the foregoing article will be 
found to differ in several particulars from that presented and 
read under the same title, by one of the authors, at the meet- . 
ing in Salem. The alterations referred to have been deemed 
necessary from the result of further investigation of the fossils 
upon which some of the conclusions therein given were based. 
At the date of the preparation of the original article these fos- 
sils were regarded by a competent authority as probably Upper 
Devonian, and this age was accordingly assigned to the whole 
of the associated strata. Having, however, since discovered, 
at the base of the strata thus designated, beds which contain 
forms apparently of Upper Silurian type, we have given this 
assemblage of beds the more comprehensive title of " SOuro- 
Devonian," intending thereby to indicate a geological horizon 
near the Junction of these two formations, and including there- 
fore both Upper Silurian and Lower Devonian forms of life. 
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It will follow from the same fact, as Indicated above, that the 
Nerepis granites, before looked upon as probably Lower De- 
vonian, must now be regarded as of Upper Silurian age, if not 
of still greater antiquity. 

Lists of the fossils referred to above, with more detailed 
descriptions of the formations in which they occur, will shortly 
appear in the Reports of the Geological Survey of Canada. — 
L. W. BaUey, Aprils 1870. 



8. On the Valley of the Amazon. By James Obton, of 
Poughkeepsie, N. Y. 

From the Atlantic shore to the foot of the Andes, and from 
the Orinoco to the Paraguay, stretches the great valley of the 
Amazon. Its area, of two millions and a half square miles, 
would contain the basins of the Mississippi, the Danube, the 
Nile and the Hoang-Ho. It lies between three grand eleva- 
tions : on the north are the highlands of Guiana ; on the south 
rise the table-lands of Matto-Grosso ; on the west stand the 
Andes. The valley begins at such an altitude that on the 
westernmost edge vegetation. differs as much from the vegeta- 
tion at Para, though in the same latitude, as the flora of Canada 
from the flora of the West Indies. The greater part, however, 
is an extensive plain very slightly inclined towards the 
Atlantic. 

From the mouth of the Napo to the ocean, a distance of 
1800 miles in a straight line, the slope is one foot in five miles. 
Professor Agassiz gives the average slope as hardly more than 
a foot in ten miles ; but this is based on the farther assertion 
that the distance from Tabatinga to the seashore is more than 
2000 miles in a straight line. It is not 1600. At Coca, on the 
Napo, the altitude is 850 feet, according to my own observar 
tions ; at Tingo Maria on the Huallaga, it is 2200 feet, accord- 
ing to Hemdon; at the junction of the Negro with the 
Cassiquiari it is 400 feet, according to Wallace, and at the 
mouth of the Marmor6 it is 800 feet, according to Gibbon; 
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while at the Fongo de Manseriche, where the Amazon leaps 
trota the Andes for the last time, the altitude is 1600 feet, ac- 
cording to Humboldt. 

These barometrical measurements represent the basin of the 
Great River as a trough lying parallel to the Equator, the south 
side having double the inclination of the northern, and the 
whole narrowing and gently sloping eastward. Furthermore, 
the channel of the Amazon is not in the centre of this basin, 
but lies to the north of it. Thus the hills of Almeyrim rise 
directly from the river, while the first falls on the Tocantins, 
Xingu and Tapajos occur nearly 200 miles above their mouths. 
The rapids of San Gabriel on the Negro are 175 miles from 
the Amazon, while the first obstruction to the navigation of 
the Madeira are 100 miles farther from the Great River. 

No region on the globe of equal extent has such a monoto- 
nous geology. On the north is the low, level water-shed be- 
tween the Amazon and Orinoco, composed of granite and 
gneiss slightly covered with debris ; there is a total absence of 
sedimentary rocks.* On the south is the high plateau of Bra- 
zil, consisting of horizontal strata of palseozoic age, nowhere 
covered by secondary or tertiary deposits.! On the west are 
the porphyritic peaks of the Andes. Around the rim of the 
basin are the out-croppings of a ci*etaceous deposit ; this is the 
first chapter in its known geologic history. But above this, 
lining the whole valley from New Granada to the Argentine 
Republic, are the following formations : 

First, a stratified accumulation of sand ; second, a series of 
laminated clays of divers colors and generally without a peb- 
ble ; third, a fine, compact sandstone ; fourth, a course, porous 
sandstone, highly ferruginous ; and finally, over the undulating 
surface of the last, there was left an ochraceous, unstratified 
sandy clay, resembling in composition the inundation mud of 
the Rhine and Nile. The total thickness of these beds can- 
not be less than 1000 feet. The ferruginous sandstone alone 
is over 800 feet thick ; but the table topped hills of Almeyrim 
are almost the sole relics. If the plausible theory be true 
that these are the mementoes of a colossal denudation, the 
history of the Amazonian YaUey is quite different from that 

• Evan Hopkins, F. G. S. 
tDr.Lond. 
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of the Pampas where there is no evidence of much superficial 
denudation. The trend of these hills, east and west, would 
indicate that the denuding force came firom the Andes. 

It is a question to what period this vast accumulation is to 
be assigned. The earlier observers pronounced it of marine 
origin, Humboldt calling it Old Red Sandstone, and Martius, 
New Red. It can be neither of these, for it overlies the cre- 
taceous. Professor Agassiz gives it a post-tertiary date and 
firesh-water origin. It is "drift (he says), the glacial deposit 
brought down from the Andes and worked over by the melting 
of the ice which transported it." The Professor farther de- 
clares that these deposits " show no sign whatever of a marine 
origin ; no sea-shells nor remains of any marine animal have 
as yet been found throughout their whole extent ; tertiary de- 
posits have never been observed in any part of the Amazonian 
basin." In the words of Mr. Lyell: "Professor Agassiz has 
hazarded the startling conjecture that the Amazonian basin 
was closed up and converted into a lake by the terminal 
moraine of a glacier which stretched for thousands of miles 
from west to east and entered the sea under the equator. But 
this distinguished naturalist, Lyell continues, candidly con- 
fesses that he failed to discover any of those proofs which we 
are accustomed to regard, eyen in temperate latitudes, as essen- 
tial for the establishment of the former existence of glaciers 
where they are now no more. No glaciated pebbles, or far 
transported angular blocks with polished and striated sides, no 
extensive surface, of rock, smooth and traversed by rectilinear 
ftirrows, were observed " * 

It is true that neither Bates, Wallace nor Agassiz found any 
marine fossils on the banks of the Great River. But these 
explorers ascended no farther than Tabatinga. Two hundred 
miles west of that fort is the little village of Pebas at the con- 
fluence of the Ambiyacu. In December, 1867, it was my for- 
tune, in coming down from the Andes by the Rio Napo and 
Maranon, to stop at this place. In the high bank on which 
the village stands, I discovered a fossiliferous bed interstratified 
with the variegated clays so peculiar to the Amazon. It was 
crowded with marine, or at least brackish-water shells ! They 
belonged to the genera NerUina^ TurboniUaj Mesalia^ TeUina 

* LyeU's Prine^leiy 1, 468^. 
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and the new genus Pachydon resembling Isocardia. They 
were all new species, excepting a Neritina pupa^ which, by the 
retention of its peculiar markings and by its being a liTing 
West Indian species, points to a recent era. I may add, that 
a sample of the red clay from a different locality, was exam- 
ined under the microscope at my request by Professor Clark, 
who reported '^ fragments of gasteropod shell and bivalve casts.** 
Moreover, mingled with the clay deposit along the river are 
seams of a highly bituminous lignite. I traced it firom near 
the mouth of the Curary on the Napo to Loreto on the Mara- 
non, a distance of about 400 miles. It also occurs at Iquitos, 
where it is used as fhel.* 

From these facts, I infer : first, that the Amazonian clay 
formation cannot be referred to the ice-period, but is late ter- 
tiary, and like the Pampean mud may be an estuaiy deposit ; 
second, that we have some grounds for the supposition that 
not many ages ago there was a connection between the 
Caribbean Sea and the Upper Amazon ; in other words, that 
Guiana has only very lately ceased to be an island. Ck>r- 
roborative of this is the fact that there is no mountain range 
on the water-shed between the Orinoco and the Negro and 
Japura, but the three rivers are joined by natural canals; 
third, that in tertiary times, a shallow sea separated into 
islands Guiana, Brazil and the Andes, and that the med- 
iterranean portion, where now lies the Amazonian basin, was 
rendered brackish by the influx of fresh-water fh>m these 
highlands; that the moment the slight elevation took place 
between Guiana and the Andes, and Brazil and the Andes, the 
accumulating floods were turned eastward and ploughed a deep 
channel which is now called the Amazon. The flne laminated 
beds show that they were deposited in quiet waters which be- 
came turbulent as they became shallow as indicated by the 
coarse sandstone on the top of the series. 

But "it is contrary to aU our knowledge of geological de- 
posits (says Professor Agassiz) to suppose that an ocean basin 
of this size, which must have been submerged during an imr 
mensely long period, in order to accumulate formations of such 

*Mr. Hnxwell has since found many more fossil shells in the sonth banks of the 
Haranoui thirty miles below Pebasi and the natives say they occnr also at Oma- 
guas and up the Ambiyacn. 
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a thickness, should not contain numerous remains of the ani- 
mals formerly inhabiting it." To this objection I reply that 
the paucity of shells is as remarkable in the similar deposit on 
the Rio Plata, and farther, that negative evidence is no evi- 
dence at all. To quote the language of Mr. Darwin, the dis- 
covery of the Pebas shells " is one more most striking instance 
how rash it is to assert that any deposit is not a marine forma- 
tion because it does not contain fossils." 



4. The Plasticity op Pebbles and Bocks. By William 
P. Blake, of San Francisco, Cal. 

At the Newpoirt meeting of this Association in 1860, the at- 
tention of the members was directed by Mr. Charles. H. Hitch- 
cock to the peculiar elongated structure of the conglomerate at 
Purgatory.* In that communication and in a subsequent 
elaborate paper by the late Professor Hitchcock, published in 
the '^ American Journal of Science," f it was maintained that 
the pebbles composing the Newport and other conglomerates 
had been elongated, compressed and distorted by tension and 
pressure after having been rendered plastic by an elevation of 
temperature. 

Objections were made at the Newport meeting to this view 
of the origin of the structure, one eminent geologist and 
physicist. Professor Rogers, arguing that these pebbles had 
not been drawn out, that their original forms as deposited 
had* not been changed, but that their peculiar elongated 
forms were due entirely to their having been moulded by 
wave action out of oblong fragments of the original meta- 
morphic rocks. 

At subsequent meetings the subject has been more fblly dis- 
cussed, and there yet appears to be considerable difference in 
opinion among geologists, upon the origin of this peculiar 
elongated and flattened structure. Other localities have been 

* " Geology of the Island of Aqnidneok," Proo. Amer. Assoc., ziv, 1860. 
t Amer. Jonm! Science [2], xxxi, 872, May, 1861. 
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noticed in Vermont* and in Maine,! and I now present some 
fresh evidence from the distant regions of Arizona and Cali- 
fornia upon this interesting question. 

In Arizona Territory, near La Paz upon the Colorado River, 
there are extensive outcrops of a conglomerate made iq> of a 
paste of micaceous scMst filled with pebbles of granular 
quartz, varying in size fkx>m an inch, or less, in diameter to 
masses weighing many pounds. 

These pebbles, in general, present phenomena of elongation 
and compression similar to those of the Newport conglomerate. 
They give even more conclusive evidence of having been drawn 
out and compressed. 

Elongated forms, with flattened drawn-out ends, blending at 
times with the mica schist are most common. The pebbles 
generally separate easily from the matrix and the ground is 
covered with those that have been detached by weathering, and 
which are now mingling with the modem alluvial drift. AU 
these pebbles are uniform in texture and appear to have origi- 
nally been much water-worn and well rounded by attrition. 
Some of the pebbles show that they have been broken across 
in several places, in different directions, and that the fragments 
have been reunited or reconsolidated as strong as before. 

I was formerly skeptical in regard to the asserted distortion 
and plasticity of the Newport pebbles, and favored the expla- 
nation that the elongated forms were produced by wave-action, 
but the examination of the Arizona conglomorate convinces 
me that not only it, but the Newport conglomerates, and those 
of many other localities, have been distorted and drawn out 
and compressed. I am sure that the examination of the out- 
crops would satisfy even the most skeptical. • 

But the evidence of distortion of hard rocks on the Pacific 
Coast does not rest with the Arizona conglomerates only, it is 
found on a large scale upon the flanks of the Sierra Nevada of 
California. Those who have ascended the lower slopes of the 
range in the gold region are familiar with the remarkable out- 

* By Professor Hitchcock. See Final Report upon the Gfeology of Vermont 
t By ProfBBSor Charles H. Hitchcock. ^Preliminary Report npon the Geology of 
Midne, 1861. The distortion of rigid pebbles appears to haye been noticed by Pro- 
fessor Edward Hitchcock, as early as 1833. See Report upon ttie Geology of Mas- 
sachnsetts: 
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crops of slates well described by the name of "gravestone 
slates/' given to them by the miners from their resemblance to 
gravestones. They stand above the earth in long lines, like 
tall tomb-stones, and are sometimes ten or fifteen feet high, 
and are not over three or four feet broad at the base. 

These slates vary in composition ; some are like roofing slate, 
others are arenaceous, and some are semi-metamorphosed con- 
glomerates with small pebbles. They are principally of the 
secondary period. 

An examination of these remarkable slates shows that their 
peculiar form is due to the elongation of the grains which com- 
pose them, and consequently of the whole mass. The con- 
glomerates show the elongation with the greatest distinctness. 
In some outcrops pebbles appear to have been stretched as 
much as twice or three times their original length or diameter. 
They are not only drawn out but flattened so as to become 
long lenticular masses, thus giving a slaty structure to a rock 
originally made of rounded pebbles. Examples might be mul- 
tiplied almost indefinitely. Vast masses of rock have been 
thus acted on, and this drawing out and elongation of moun- 
tain masses of rock is more common than has been generally 
supposed. 

All these phenomena indicate that the flexure or folding of 
rocky strata on a large scale must give rise to great tension 
upon the outer curve of the bend. Professor Hitchcock 
supposes the tension by which the rocks were elongated 
to have been produced in this way in some cases. He remarks 
also, that the Vermont rocks appear to be stretched in the 
direction of the dip, while at Newport they are elongated hori- 
zontally. Nearly all the examples in California show the 
elongation to be in the direction of the dip. But I believe the 
rocks to have been subjected to a much greater elongation than 
can have been given by any folding. I regard them as having 
been subjected to direct tension over large areas, and generally 
in vertical or highly inclined planes. Moreover, these elon- 
gated masses do not appear in such positions that we can re- 
gard them (at least in most cases) as forming portions of 
great anticlinal arches. They may form the sides of great 
synclinal troughs and have been under great tension during 

▲. ▲. ▲. 8. VOL. XVm. 86 
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subsidence of a mass of fonnations in the centre of the 
trough. 

It may here be observed that this great elongation of rock 
masses, and the flattening of all the grains of sand and of peb- 
bles which compose them (an elongation in some cases to twice 
or three times their original length), has been accomplished at 
the expense of their thickness. Thus strata so elongated are 
much thinner than in their unstretched condition. This is a 
consideration which bears directly upon the discussion of the 
probable height of anticlinal folds. 

With regard to the condition of the quartz pebbles, and of 
the rocks during the process of elongation, there is room for 
wide speculation and a variety of hypotheses. Scrope, Beau- 
mont, Scheerer, Hunt and others, maintain that all the deep- 
seated rocks become plastic. We cannot, of course, easily 
conceive how this distortion of the hard pebbles could have 
been effected when in their ordinary condition. That rocks are 
much softer in the bed or quarry than after they have been 
raised and exposed to the air, is a familiar fact to all miners 
and quanymen. This softness of rocks may perhaps be, and 
probably is, increased by an elevation of temperature. We 
may legitimately invoke the agency of heat and water to aid 
us in accounting for these interesting phenomena, but I con- 
ceive that it is not necessary for us to believe that these 
changes of form were effected at very elevated temperatures. 
There does not appear to have been anything like semiAision or 
viscidity of the mass, and when I use the term plaMidty I do 
not connect with it the idea of any great softening produced 
by heat. The consideration of the phenomena leads me rather 
to the conclusion that enormous and long continued pressure 
and tension, at a moderate elevation of temperature, perhaps 
(but not necessarily so), have been suflScient to produced the 
molecular movement of these hard and apparently unyielding 
materials. Water permeating the mass, or the vapor of water, 
may faciliate this movement, but there does not appear to 
me to have been any condition involving a great chemical 
change. The evidences of such changes are wanting. Me- 
chanical force alone appears to have been the agent. This I 
not only consider to have been the cause of the distortion of 
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pebbles and rocks, bat to have been sufficient to reunite frag- 
ments of pebbles or rocks so as to make them homogeneous. 
This may be by some considered as an example of cementation 
by solutions — a kind of rock regelation — which certainly 
might occur and probably does, but we are not precluded from 
the conception of the possibility of the fragments being 
reunited simply by pressure, when under favorable conditions. 
I may here refer, in support of this view, to the beautlM ex- 
periments made by Mr. Hungerford at the Chicago meeting, in 
reuniting the fragments of ice when at such a low temperature 
as to preclude the idea of there being any fusion of the con- 
tiguous surfaces of the fragments. Examples of the mobility 
of the particles of metals at our ordinary temperatures are nu- 
merous and familiar. 

Lead at a temperature below fhsion is forced by hydraulic 
pressure into pipe ; every coin and medal has been moulded by 
pressure, and iron may be forged or drawn into wire either hot 
or cold. Tersca* has shown that under enormous pressures 
solids can be made to flow in the same manner as liquids or 
that in tReir movements they follow the same law. If a strong 
cylindrical mould be taken, open at one end and partly closed 
at the other, discs of iron placed in it may be forced out of the 
small opening by powerM pressure from a follower or piston 
in the cylinder, and these discs are changed into cylinders or 
a mass. of elongated cones. It may here be observed, inciden- 
tally, that in this we appear to have a direct illustration of the 
mode of formation of the curious forms found in rocks called 
stylolites, and of those generally known as ''cone within 
cone," described by Professor Marsh at the Burlington meet- 
ing, the former of which was regarded by him as the result of 
pressure, and the latter of pressure on concretionary structure 
when in process of formation, while the rocks were soft or in 
a plastic state. The distortion of fossils is another familiar 
example of rock plasticity. Tyndall, in the appendix to his 
work upon the " Glaciers of the Alps," expresses the opinion 
that a mass of solid glass may, by pressure, be forced to per- 
manently change its form, and that some rigid pebbles of 

* M^moire snr P^conlement des corps Bolides sonmis k de fortes presslons par 
M. H. Tresoft, Compte Beadns, T. LIX, 186i, p. 7M. 
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quartz, in the Maseom of the Goyemment School of Mines, 
have been squeezed by enormous pressure against each other 
so as to produce mutual flattening and indentation. We hare 
also an example in the colunms of the House of Representa- 
tives, quarried on the banks of the Potomac, where the calca- 
reous pebbles appear to have been forced by pressure one into 
the other. Professor Bamsay described the pebbles in the 
Museum of the Government School of Mines, as from three to 
nine inches in diameter, and he thought that the indentations 
were produced by wearing or the rubbing of one pebble 
against another while under great pressure, and perhaps partly 
by the aid of intervening grains of sand. Mr. Sorby regards 
the interpenetration or impressment of pebbles as due to me- 
chanical and chemical agencies combined, and cites the fact 
that in the majority of substances mechanical pressure in- 
creases their solubility. 

Such explanations are not satisfactory for the Arizona con* 
glomerate. Mechanical pressure and tension alone appears to 
me to have accomplished the result. This also appears to me 
to be the most satisfactory explanation of all other toamples 
that I have seen. There does not appear to have been any 
solution, or at any rate not sufficient to affect the form and sur- 
face of the original pebbles. The Arizona pebbles are almost 
as clean and smooth as if just out of the bed of the brook. 
They separate readily fkrom the lamellar part of the rock. 
They are not cemented to it as would probably be the case if 
they had either been softened by great heat or partly dissolved 
or acted upon chemically. So also in the case of the la^;e 
masses of rock, the outlines of the small pebbles do not be- 
come obliterated although the form is so much changed that 
they can hardly be recognized as having been originally in 
the form of pebbles. 

In these phenomena we see how a rock which was originally 
granular and made up of pebbles may become entirely changed 
in structure. Deposited as a conglomerate it may become a 
lamellar slaty mass extended in one direction to twice its 
former linear dimensions. It will split up or cleave easily in 
one direction and not in another, and will weather unequally 
as we find in the sharp outcrops of gravestone slates of 
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California. The same elongating and compressing forces ap- 
plied to finer sediments must of necessity greatly modify their 
stracture and cleavage, but the change of texture, owing to 
the fineness of the particles, does not become visible to the eye. 
By the careftil study of these phenomena of plasticity new 
views are opened to us of the structure of great rock-masses ; 
of the phenomena of plication, of lamination and of the origin 
of some structural peculiarities of mineral veins and their in- 
closing walls. In view of all the facts I think that geologists 
should be more willing to admit that very great changes have 
been produced in the structure of rocks and rock-masses by 
simple mechanical force unaided by any great elevation of 
temperature or by extraordinary chemical agencies. 



5. On Some Recent Geological Changes in North-eabtebn 
Wisconsin. By G. R. Stuntz of Lancaster, Wis. 

[Communioated orginally, Maich 12, 1864.] 

This is the second season I have spent in this new and but 
partially explored region. In the summer of 1852, 1 arrived 
on this part of the lake, with a party of twelve men, for 
the purpose of extending the Surveys of the United States 
bordering upon the south-west coast : and, also, of running 
the boundary line between the State of Wisconsin and the 
territory of Minnesota. Since the completion of those works 
I have been voyaging in all directions through this country 
and between the lake and the Mississippi River. The peculi- 
arities of this lake are fully described by Foster, Whitney and 
Dr. Owen, in reference to tides, in their able geological re- 
ports ; also to a change of water-level in the lake. I would here 
state that since my arrival at the mouth of the St. Louis River, 
in July 1852, the water of the lake had fallen, and was on the 
first of November, 1853, twenty inches lower. This is proba- 
bly the periodical change of level. There is another change 
of level apparent, which I do not recollect having seen noticed 
in any report. That is the gradual rise of water at this end 
of the lake, and the falling of the same at the east. 
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The mill race at the falls of the Ste. Marie River, onlj a few 
years since, was used by good sized Mackinac boats as a canal 
in making the portage around those dangerous Bapids. In the 
summers of 1852 and 1853, this mill race was entirely dry, 
which fact is referred to by J. W. Foster in his able report. 
The wearing away of the channel, upon a hasty view of the 
subject, would be the natural conclusion, but the facts do not 
warrant it. Should the tributaries that pour an unceasing tide 
be cut off, except enough to counteract evaporation, and should 
the river Ste. Marie continue to discharge the same volume as 
at present, which is about one billion, eight hundred and forty- 
eight million, three hundred and twelve thousand cubic yards 
per year ; and should Lake Superior be allowed to contain 
thirty-two thousand square miles, it would take over fifty-three 
and a half years for the lake to fall one yard, which is about 
the original depth of the mill race before referred to; and 
this is a much longer period of time than has transpired since 
that race was used for the purposes before mentioned. 

The small stream at Pindell's mill, a few miles above Ja- 
quois Point, runs with a rapid current to the lake, having no 
marshes, and not widening nor giving any indications that its 
valley is overflowing by the lake setting back into it, but on 
the contrary the formation of sand about the mouth indicates 
a gradual receding of the waters of the lake. As you go 
westward, the Ontonagon Biver exhibits a slight filling up. 
The valley near the mouth shows that at the time it was exca- 
vated the surface of the lake was lower than at present. The 
same is also apparent at the mouth of Bad Biver still farther 
west. 

At the mouth of Bois Brul6 the same thing is exhibited. Only 
to a greater extent. From this to the west end of the lake 
not only does the lake set back into the valleys of the streams, 
but the waters are making rapid encroachments on the banks. 
So rapidly is the filling back, that the deposits of the streams 
do not keep pace with the filling up. The consequence is, 
that there is a large marsh and pond in the mouth of the valley 
of Bois Brul6 and Aminecan Biver. But nowhere is this filling 
up more apparent than in the bay above the mouth of the St. 
Louis Biver. Jn several parts submerged stumps, several feet 
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below the {^resent water level, are found. The numerous mlets 
surrounding the main bay, when we consider the nature of the 
soil and the formation (a tough red clay), in all of which the 
water is deep, could not have been excavated in the natural 
course of events with the water at its present level. The tes- 
timony of the Indians also goes to strengthen the same conclu- 
sions. At the time of running the state line above mentioned, 
the Indians, ever Jealous of their rights, called me to a council 
to Inquire why I run the line through Indian land. In the ex- 
planation, I gave, using the language of the law as a starting 
point, the lowest rapid in the St. Louis Eiver. The chief im- 
mediately replied, that formerly there was a rapid nearly oppo- 
site the Indian village. Start, said he, from that place and 
you will be near the treaty line. After he had been farther 
questioned I learned that it was only a few years since the river 
was quite rapid at the Indian village. At the time the said 
line was run the first rapid was about one mile by the stream 
above the village. From these facts, I conclude that a change 
is taking place gradually in the level of this great valley. 
This change may lead in time to as important results in 
changing the geography of the country as have taken place 
within a comparatively short period of time in the valley of 
the St. Croix. The St. Croix Valley is about forty miles in 
diameter north and south, and about one hundred, or one hun- 
dred and twenty miles, east and west, surrounded, or nearly so, 
by ranges of trap hills, which attain nearly a uniform height of 
six hundred feet. These time enduring barriers withstood the 
warring of the elements until within a few centuries past, when 
some change, probably not unlike the above, assisted them in 
breaking away at the falls of that river, discharging a volume 
of water through that narrow gorge, which in its native se- 
renity, crystal purity, and quantity, would vie with any of the 
great sisterhood of lakes. But it has gone foaming and tum- 
bling to the Gulf of Mexico, and we can only read traces of 
its onward flight in the numerous terraces along the river 
banks below, and the excavation of Lake St. Croix and Lake 
Pepin, and the piling of terraces along the father of waters as 
low down as the mouth of the Missouri. 

In the valley above the falls you find, what you would expect 
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to find, after the lapse of a few hundred years should any con- 
ynlsion of nature change the valley of any of the great lakes 
to dry land, extensive sand planes, slightly timbered with 
stunted pines. There are exceptions, it is true, but the line of 
demarkation is as plain as though the event of draining took 
place only last year. What is called Wood Lake timber, is a 
narrow belt of elevated timber land, extending from the south- 
east side of the valley towards and nearly to the mouth of 
Kettle River. This ridge, having a good soil of clay and loam 
resting on a sub-soil of sand and gravel, from its elevation must 
have been drained at a much earlier day than the balance of 
the valley. 

On all the streams, so far as I have examined, these appear- 
ances are the same. Standing at a point a few miles to the 
north-east of the mouth of Wood River, you are near the cen- 
tre of a system of rivers coming fit>m all the points of the 
compass, except the great outlet on the south. Upper St. Croix 
on the north-east, Namekagon on the east. Yellow River, Clam 
River and Wood River from the south-east, the first of these 
last three flowing through a chain of lakes of some twenty 
miles in extent, containing white fish in abundance. On the 
south-west come in Sunrise River and one or two smaller 
streams, from the west Snake River, and from the north-west 
and north Kettle River and several smaller streams. These 
streams ; fiowing from the high rocky barrier before spoken of, 
present a variety of scenery and a variety of soil alike inter- 
esting and valuable. 

In connection, it might not be out of place to remark that 
other facts present themselves to the mind of the student of 
nature, intimately connected with the above. 

Throughout the great valley of the Mississippi and border- 
ing upon many of the great lakes are found mounds and 
tumuli, evidently the work of men's hands: — the labor of a 
race long since passed to oblivion, except as yet this si^le 
trace of their existence. That they were a xramerous race 
these mounds plainly indicate. That they were skilled to 
some extent in the arts, their mining operations at Ontonagon 
on tliis lake, near the Minnesota Mining Co.'s works, plainly 
prove. That they were the same people that inhabited the 
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Mississippi Valley, the yarioas implements would also indicate. 
I have in my possession a stone hammer which I found at the 
ancient copper diggings near Ontonago;i, and I have seen sim- 
ilar ones obtained in the vicinity of ancient mounds at Bock 
Island, Illinois. 

This people, whoever they were, occupied or built their 
mounds, for whatever purpose they were erected, upon the finest 
sites the country afforded. You will find them on the finest 
situations for building along the great rivers, and on elevated 
localities commanding the finest views of the surrounding 
country. This is particularly remarked by every traveller on 
the Upper Mississippi, and the St. Croix below the falls. 

As you ascend this last mentioned stream, a short distance 
above Moriere, you find several unusually large mounds in a 
small plaio, elevated some sixty, perhaps one hundred feet, 
above the river. Thence following the river you pass the rocky 
gorge or Dalles and enter the valley of St. Croix above the 
falls. The same beautlM river rolls at your feet, and in going 
up a succession of banks, grassy slopes greet your sight ; but 
the mounds are not there, and, for the distance of seventy- 
five miles by the stream, I have looked in vain for these relics 
of that obliterated people. 

At the mouth of Yellow River they are again found, occu- 
pying, as before, the most beautifU sites the locality affords, 
and at an elevation nearly equal to the southern rim of the 
basin. From this point nearly in a straight line and lying in- 
termediate with the falls of St. Croix, are situated Yellow 
Lake, Clam Lake and Wood Lake, all occupying elevations 
nearly equal to the rocky barrier over which the waters were 
formerly discharged at the falls before mentioned. At each of 
the two last mentioned lakes a single mound of the same de- 
scription occupies a prominent place in the delightfhl scenery 
of the lake. At Yellow Lake, the most attractive of the three, 
they are found in great numbers, extending down the river 
several miles, but in every instance occupying the highest ele- 
vations. In my examinations on two trips through this an- 
cient lake-bed, I have failed to find any mounds on lower situ- 
ations than those above described. 

Then if this view should not be proved incorrect, we have 

▲. ▲. ▲. S. VOL. XVm. 37 



Digitized by 



Google 



210 B. HATURAL HISTOBT. 

one geological eyent coupled with the operations of this 
cient people. And we cannot avoid coming to the conclusion 
that these moonds were built prior to the wearing away or 
breaking down of the falls of St. Cioix, and that the trip 
from the Mississippi to Lake Superior was one of ease and 
pleasure compared with the journey of the present day through 
almost impenetrable forests. I hope some one better pre- 
pared to carry out and systematize a series of observationB 
may profit by the above. 



6. The Gems of the UNrrBD States. By Dr. A. C. Haklik, 
of Bangor, Maine. 

WrrH the exception of the emerald, all of the gems in more 
or less perfection are found within the limits of the ITnited 
States. The diamond has been discovered in California, among 
the Rocky Mountains and along the gold belt which extends 
from Central Alabama through the Atlantic States to Mary- 
land. In Alabama, Georgia and the Carolinas the itacolumite, 
which has been regarded as the matrix of the diamond in the 
Urals, Brazil and Hindostan, appears in extended ledges, and 
even rises to the magnitude of mountains. In 1866, while ex- 
ploring the auriferous regions of Alabama and Greoi^a, I 
recognized this rock in many places, especially near^Gainsville, 
where it crops out in great ledges. 

Diamonds have been found along the course of the itacol- 
umite, especially near Gainsville and farther to the north-east, 
at the Glade and Horshaw gold mines. Some of these stones 
were of several carats weight and of fine water. One of these 
which had been polished in London was shown to me at Gains- 
ville, and it is a gem of the purest water. From information 
obtained from the residents of these regions and from personal 
examination of the localities, I have but little doubt that ac- 
tive research with the application of skilled labor [for the 
diamond is not easily recognized in its rough state], will bring 
to light many fine stones. A splendid stone was destroyed by 
the stupidity of the laborers at the Horshaw mines a few years 
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ago. A beaatiftd gem of 24 carats was found in 1856, near 
Richmond, Va. 

The garnet is*foand in many of the States, and of sufficient 
purity for the purposes of the lapidary. At Fitchburg, in 
Massachusetts, beautifiil little pyropes are found in the alluvial 
sands. In Delaware County, Pennsylvania, pyi*opes of larger 
size, but of less beauty of color, are also washed out of the 
alluvial soils. All along the Rocky Mountain slope clear gar- 
nets have been observed. In the sands of New Mexico the 
Indians find garnets of considerable size and equal to the best 
of the Syrian stones, exhibiting the crimson and violets tints 
of the oriental garnets. At Pike's Peak, in Colorado, garnets 
of less size, but of even finer tints, are washed out of the 
gravel beds by the gold miners. These are the finest of 
the species in America, and with the exception of the rubel- 
lite, they approach in color nearer the ruby than any other 
stone. Beautiful cinnamon garnets occur at Phippsburg and 
Parsonfield, Me., Warren, N. H., and in many other places 
in the States, but they are rarely sufficiently perfect for 
ornaments. 

Chrysoberyl is found at Haddam, Ct., in New York, Ver- 
mont and in Maine, but few transparent ciystals have yet been 
discovered. Spinel occurs in New York and New Jersey, but 
the crystals are generally opaque. Zircpn is widely distributed 
in the States, generally massive and opaque. The finest crys- 
tals come from Buncombe County, North Carolina. The 
iolite, known as the sapphire d'eau of Ceylon, has been found 
at Haddam, Conn., and in other places in New England, but 
fine specimens are quite rare. It is often pleochroic, exhibit- 
ing different colors when viewed in different directions. The 
topaz occurs at Trumbull and Middleton, Conn., and in North 
Carolina, but the colors are generally very faint, and transpa- 
rent specimens too small for the purposes of the lapidary. 
The amethyst is found in rare perfection in various parts of 
the United States. Oxford County, in Maine, Berlin Falls, in 
New Hampshire, and Bristol, R. I., fttmish beautiful speci- 
mens. Fine stones are found in Delaware County, Pa., and at 
Kewanan Point, Lake Superior, but they are more plentiful in 
Greorgia than in any other State. Several varieties of opal 
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are found in the United States, but none of good quality lilce 
the precious and fine opals of Mexico. 

Sapphires are found in several of the States > at the Chester 
emery mine in Massachusetts, in New Jersey, in Connecticat, 
New York, California, Pennsylvania and North Carolina, but 
they are generally massive and opaque. At £1 Dorado Bar, in 
Montana, however, they occur in transparent and well defined 
crystals of six-sided prisms and also in the amorphous form in 
the alluvial sand, together with native gold. Crystals of sev- 
eral carats weight have been picked up out of the pan, where 
they have settled down in consequence of their gravity during 
the process of washing the gravel for gold. Sapphires of al- 
most all colors have been found there, the red, green, blue, yel- 
low and white, and some of them are of considerable value. 
They resist the action of the fire and do not change color when 
exposed to the strongest heat of the forge. No systematic 
search has been made for these precious stones at this locality, 
although they seem to occur in abundance. The gold washings 
of this Bar are now abandoned. 

The beryl — the subspecies of the emerald — occurs in many 
parts of the United States. It has been found in great perfec- 
tion in the granite hills of Oxford County, in the State of 
Maine, and more especially in the ledge at Boyalston and 
Fitchburg, in Massachusetts. In gash veins of quartz, occur- 
ring in granite in North and South Royalston, beautiftil crys- 
tals of this gem have been discovered, some of them exhibiting 
the longitudinal striae and the aberration of colors which dis- 
tinguish the remarkable beryls of the Altai Mountains in 
Siberia. Lively sea and grass green, light and deep yellow ; 
also blue crystals of various shades have been found at this 
locality. At the quarries at Fitchburg, beryl of a rich golden 
hue, approaching the chrysoberyl and topaz in color and hard- 
ness, and closely resembling the yellow diamond in lustre, have 
been blasted out. All the deposits where the beryl occurs 
seem to be very superficial, and at Boyalston and Fitchbui^ 
the crystals appear to arise from the felspar, becoming clearer 
and more perfect as they penetrate the quartz. All of the 
crystals found during my explorations at these localities were 
thus connected with the felspar. This rule, however, was not 
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observed at Mount Mica, where all the beryls were generally 
enveloped .in quartz or albite, and unattached unless to crystals 
of muscovite. 

Tourmalines of great perfection and variety of colors have 
been found at Mount Mica, in the State of Maine. This little 
hill — which is perhaps one of the most remarkable mineral lo- 
calities on the globe, since nearly forty varieties have been 
found there within an area of thirty feet square — is one of 
northern spurs of streaked mountain in the town of Paris, in 
Oxford County. The mineral deposit was discovered in 1820, 
by Hon. E. L. Hamlin and Dr. Ezekiel Holmes when students, 
and whilst searching for minerals. At that time about forty 
crystals of tourmaline, some of which were quite perfect in 
form, of fine color and limpidity, were picked up on top of the 
ledge, or found in the earth which had accumulated around its 
base. Since this period the place has been visited by mineralo- 
gists from time to time and the entire deposit blasted out. 

Some magnificent crystals of rare perfection of form and of 
beautifhl colors have been^found there. Some of these crystals 
were several ounces in weight, several inches in length and 
more than an inch in diameter. Some were red at one ex- 
tremity and green at the other. Others were red within and 
green at the circumference. Superb stones of this description 
and arrangement of colors, but of less size, have also been 
discovered there, and they called forth the remark from the 
elder Silliman that they were incomparably fine and without a 
parallel in the world. Nearly all the varieties of this remark- 
able gem have been found at Mount Mica, — the clear light 
green, like those from the dolomites of St. Gothard, the pink 
of Elba, the white and yellow of Ceylon, the dark smoky green 
and blue of Brazil, the lighter blue of Sweden, and the fine 
red and green of Siberia. In some of the crystals t^e red 
passes into blue, and the blue into black or into green ; in 
others the white changes into red, green or blue, exhibiting 
many intermediate shades. Grenerally the transitions and gra- 
dations of color are imperceptible as they pass from one into 
the other, but in some crystals the line of demarkation is well 
defined. 

The tourmalines of Mount Mica occur in a coarse granite 
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resting upon mica schist, and were probably deposited from 
above and from solution. The granite appears in layers, and 
the tourmaline streak penetrates across and through them with- 
out any reference to seam. Coarse and opaque crystals of sev- 
eral inches in diameter and nearly a foot in lei^th, are found in 
the albite and masses of quartz, but all the fine and transparent 
prisms have been found in cavities whose walls were composed 
of smoky quartz and albite. In these cavities (which have been 
found of a size varying from few inches to several feet in 
length,) the tourmalines appear either loose in the disintegra- 
ted cookeite or arising from the interior walls and sometimes 
penetrating crystals of the matrix. A few feet below the sur- 
face the tourmaline streak disappears and the walls show 
quartz, albite or granite destitute of other minerals. This 
superficial degree of deposit is not confined to the tourmaline 
alone but is noticed with most of the other gems. 

The sapphire, diamond and emerald are found near the sur- 
face, and this rule is well exemplified in the occurrence of the 
amethyst in the mines along the Rocky Mountain slope, where 
it vanishes at the depth of ten to twenty feet, although the 
quartz crystallizes in a colorless state even at the great depth 
of six hundred feet below the surface. It seems as though the 
gems required some ray of light or some effect of the atmos- 
phere to build up their forms and perfect their hues. Although 
it is a common belief that tourmalines are of inferior value, 
they are not really so, and they should take a high rank among 
the first of the gems. For none exceed them in the phenomena 
of physical properties, or in complexity of composition, or in 
the vast range of their colors ; and their hardness is quite 
equal to the emerald, which they surpass in refractive powers, 
whilst their dispersive energy exceeds even that of the sap- 
phire ayd topaz. 

There are many localities in the world where this stone is 
found, but fine specimens are rare, and when they are limpid 
and approach the emerald, the topaz and the sapphire in hue, 
they are sold for those gems. The red tourmaline, the rarest 
of all gems, when free from faults and of fine colors, accord- 
ing to the eminent authority of Professor Beudant of Paris, is 
sold at the price of the ruby, the most costly of all the gems. 
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The finest specimens of the tourmaline species known in the 
world have been taken from the now exhausted locality at 
Mount Mica. Some beautiful crystals of splendid color have 
been found in loose boulders at Hebron, Maine, but the parent 
ledge has not yet been discovered. There are other localities 
in the United States where these stones occur, but they are 
opaque or of very poor color and imperfect crystallization. 

There is no gem, not even the sapphire, which surpasses the 
tourmaline in variety of color, and as Barbot has remarked, 
^^ it seems as if nature had wished to prove to man that she 
could imitate quite perfectly that which she had created the 
most perfect." 

The Spaniards, under Cortez, whilst on their march to the 
capital of Mexico were astonished at the size and beauty of 
the emeralds and turquoises that decorated the persons of the 
chiefs who came to join them as allies or visit them as envoys 
from Montezuma. And after the conquest of the country they 
sought in vain for the mines whence these emeralds and tur- 
quoises came. The emeralds undoubtedly came from Central 
and South America, and were brought overland or along the 
coast as an article of trade, since they have not been found 
anywhere in the United States or Mexico. 

The turquoise, the Mexicans said (in reply to the question of 
the Spaniards), came from the far north, but the mines were not 
discovered until recent times. The histories of the Spanish 
occupation of Mexico make no mention of these mines — at 
least so far as I am acquainted with them. A mine of great 
antiquity is situated in the Cerillos Mountains, eighteen miles 
from Santa F6 in New Mexico. The deposit occurs in soft 
trachyte, and an immense cavity has been excavated by the 
Indians in past times whilst searching for this gem. Within 
a few years the Navajo Indians have revealed the existence of 
a mine in the Sierra Blanca Mountains in New Mexico, but 
they will not allow strangers to visit it. Stones of transcen- 
dent beauty have been taken from it and handed down in the 
tribe from generation to generation as heirlooms. 

Nothing tempts the cupidity of the Indians to dispose of 
these gems, and gratitude alone causes them to part with any 
of these treasures, which, like the mountaineers of Thibet, 
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they regard with mystical reyerence. The Navajos wear them 
as ear-drops, by boring them and attaching them to the ear by 
means of a deer sinew. Lesser stones are pierced, then strung 
on sinews, and worn as necklaces. Even the nobler Ute In- 
dians, when stripping the ornaments of turquoise fix>m the ears 
of the conquered Navajo, value them as sacred treasures, and 
refUse to part with them even for gold or silver. One of these 
magnificent stones was presented by the Navajo chief to 
Major-General Carleton, when Grovemor of New Mexico, and 
it may be taken as the type of the American turquoises, al* 
though there are larger stones in possession of the tribe. 
It is nearly an inch in length, one-third broad and one-fiith 
in depth, and equal, in purity and delicacy of tint, to the 
best of the Persian. Other mines have been reported as occur- 
ring along the Rocky Mountain range, but I have not been 
able to obtain any reliable information concerning them. 



7. Studies in Chemical Geooont.* In thbes pabts. By 
Henbt Wubtz, of New York. 

IMTBODUCTOKT BEMABKS. 

These being subjects on which volumes might be written, 
the whole must needs be condensed, on such an occasion as 
the present, into a few brief notes, more or less disconnected, 
as I fear ; and to yiews but partially expressed. 

I have long held that the principle which should pervade and 
strictly govern all researches into the chemical conditions prev- 
alent during past geological time, is to seek out the great 
natural chemical operations prevalent at this day, and trace 
them back to their necessary spring and beginnings. 

It is true that actual laboratory researches into the char- 
acters and composition of the products and relics we possess 
of those far distant times, are as yet woMly deficient, and be- 

*The following series of notes was prepared to be read at the Chicago meeting, 
in 1868, and the titles were there announced in the published lists; but as the au- 
thor was not able to be present then, he preflsrred to await the Salem meeting. — 
H.W. 
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fore the day shall come when the riddles of the past shall be 
read, and its many mysteries nnveiled, in the light of perfect 
theory, myriads of laborious researches, both analytical and 
sfynthetical, must be made ; still I believe that enough has al- 
ready been done in this field to justify some attempts at gen- 
eralization. And though these be conceded to be pure hypoth- 
eses, still the history of science establishes the value of such 
hypotheses, as starting points, in stimulating discussion and in 
suggesting modes and subjects of experiment. 

I. OS THB PBOZOIO ATMOSFHSRB AKB THB OCBAK OF THB ZOIO DAWN. 

It cannot be doubted that it was during the time of the 
deposition of the earliest sediments of the ocean, which are 
known to us now only in the forms of compacted and crystal- 
lized metamorphic masses, that life began, and that it had its 
beginnings in the waters of the ocean. The exterior Ocean of 
Atmosphere, though supporting no life in its own bosom at 
first, I believe to have been then, as now, most intimately and 
essentially connected, through the medium of the waters, with 
the life of the latter. 

I shall begin by saying at once, and concisely, that my gen- 
eralizations have led me inevitably to a novel conclusion, which 
will doubtless startle some ; that Life was at the outset, has 
always been, and always must be, the governing influence in 
all chemical changes that have occurred and will occur, in the 
air, in the waters, and on the earth. 

[It is not without a purpose that I here use the word i^flvr 
ence. The words /orc6 and power I avoid, in laying down this 
principle, for reasons which I shall give at length on another 
occasion.] 

In a previous paper I have put forth the proposition that at 
the Zoic Dawn the ocean must be believed to have been wholly 
in an oxygenated condition ; that is, its constituents were at 
their maximum of oxidation. What then was the condition of 
the atmosphere corresponding to this ? Before replying to this 
I must first propound another question, which involves an ap- 
peal to my fundamental doctrine of tracing back present 
changes to their beginnings. What, then, is our only known 
source of oxygen at present? Evidently the decomposition of 

A. A. A. 8. VOL. XVm. 18 
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carbonic acid by solar force, through the influence of plant- 
vitality; a never-ceasing agency which has continaed to in- 
crease the proportion of oxygen and diminish that of carbonic 
acid in the air, since plants began to grow upon the earth, and 
has left its evidences on almost every leaf of the Book of Ge- 
ological Ages. 

Considering in connection with these facts the nature of oxy- 
gen, the greediness with which it enters into combination with 
other bodies, and applying the doctrine we started with, of fol- 
lowing backward to their beginnings all such changes as we 
find in progress, I am led to lay down, as the primary postu- 
late of a Zoic Theory of Chemical Greogony , the following : 
the Prazaic Atmosphere contained very litUe or no free oxygen^ 
probably none; but consisted essentially of carbonic add^ nitrogen 
and aqueous vapor. 

I anticipate, of course, a host of objections to so novel a 
view. One is that although plant-growth be independent 
thereof, yet germination requires tree oxygen. Some may 
even maintain the assumption that plant-life must have com- 
menced with germs.* To this speculative objection one an- 
swer is, why? Another answer, probably as speculative, how- 
ever, as the objection itself; it is far from inconceivable, or 
even improbable that in a liquid medium containing such oxi- 
dating agents as the ferric compounds, the modification of 
eremacausis thought necessary to germination may have pro- 
ceeded through the agency of these compounds. 

Another objection may be that our present plant-life is ac- 
companied by intermittent intervals of absorption of oxygen, 
during absence of the solar ray. But in any case the vegetar 
tive processes of the day we treat of, were in a measure inde- 
pendent of solar heat at least, if not of solar light also ; of 
which the proof, even as late as the Carboniferous, is admitted. 
To the objection that in the earliest sediments we find little 
organic, or even carbonaceous matter, I reply that (apart fh>m 
the graphites and sulphides, both believed organic in origin) it 
is easily understood that while life might withstand the ferric 

•Those Trho will attach its due weight to the Mosaic Record in this regard, I 
may remind that the CreatiTe Fiat called " the herb yielding seed, and the frnit-tree 
yielding ftmit after his kind, whose seed is in itself," etc. The question Is an 
ancient one, " which was first, the hen or the egg?** 
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oompounds, dead organic matter wonld quickly be burned up 
thereby, the sulphides having indeed resulted from this very 
burning process. I have applied the same principle to far 
later times, in a paper presented to the geological section, to 
explain the absence of fossils in the American Red Sand- 
stones. 

We here recognize another, and by no means a minor source 
of oxygen, namely, from the original oceanic metallic sul- 
phates, which are now extant as sulphides, having given up 
their oxygen to the atmosphere by this indirect process of re- 
duction by dead organic matter. I may add, in this place, that 
there has been still another, and a quite important source of 
oxygen, freed through vital influence ; that which represents 
the proportion deficient in bituminous coals to form HO with 
the H. This represents of course which has at first been 
merely transferred from fi" to O, but as the 00^^ once formed, 
is again decomposed and its set free, it amounts to the 
same thing. 

Certain other objections to my views have been offered to me 
from time to time in conference and correspondence. With 
regard to my induction that the Ocean of the Zoic Dawn con- 
tained ferric constituents, it has been suggested that these 
would have been poisonous to life. This is but a question of 
degree, that is, of the strength of the solution. I claim only 
that the metals now present in the rocks as sulphides were 
present in the Prozoic Ocean as sulphates. The solution, in 
any case, could not have been a concentrated one. Moreover, 
the notion that ferric solutions are inimical to life, particularly 
in its lower forms, I think is unsupported by evidence. Fer- 
rous solutions are so, without doubt, but not ferric. It has 
been claimed that subaerial action of carbonic acid, on alkaJic 
and earthy silicates, would introduce into the ocean enough of 
bicarbonates to render it neutral, or even alkaline, and to pre- 
cipitate all ferric oxides and hydrates. No doubt this took 
place locally^ and the iron ore beds of these rocks are thus 
(and I believe thus only) to be accounted for. We have thus 
actually a new and substantial prop to my theory. Still this 
is a question of timej and to bring the whole of the vast ocean 
to a neutral or alkaline condition, must have required, as I am 
convinced, time enough for the deposition of the whole mass of 
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the Eozoic schists, if not of a portion of the Pabeozoic. I find 
that I have been misapprehended, in that I haye been supposed 
to hold, in my paper on Grold Grenesis, presented to this Asso- 
ciation at Bufialo, in 1866, that gold has been deposited from 
the ocean equally in all geological ages. By my views, it can- 
not but be that the oldest sulphides were the most highly anzif- 
erous, at least of those (if any such there be still in existence) 
that have been deposited from the oceanic menstruum directly. 
It is Qold ConcerUroHon, and the formation of gold veins, that 
I claimed has occurred throughout all time, and is even now 
going on ; and going on by virtue of the same agencies that 
I was the first to discover in 1858, the alternate formation, 
by oxidation, from auriferous pyrites, of ferric solutions of gold, 
and their reduction to ferrous conditions again, by farther reac- 
tions with unaltered pyrites or with organic matter. 

My farther notes on this branch of my subject must be cut 
very short. 

From the above it will be seen that my reasonings haveled 
me to believe that, in Frozoic times, all the oxygen of the earth 
which now enters into the processes and changes going on 
upon its surface, all the potential oxygen of the earth (so to 
speak) was locked up in combined forms and divided between 
the earth's hydrosphere and its aerosphere ; combined chiefly 
with iron in the former and with carbon in the latter. 

I would next present the proposition that substantially all 
the potential chlorine was contained in the Frozoic, as it is in 
the present Ocean ; as we know of no method by which chlo- 
rine (not probably oceanic) is now being introduced into the 
Ocean. As to sulphur and phosphorus^ it is not certain that 
these two were aU in solution in the original Ocean, as the ftm- 
damental rocky substratum or nucleus of the earth's crust 
being even at this time unrecognized, there is no certainty 
that it did not contain sulphides and phosphates before its sub- 
aerial erosion began. It is clear, however, that most of the 
sulphur, and probably of the phosphorus, of all sedimentary 
rocks was in the earliest Ocean, in acid forms. This Ocean 
then contained not less combined acids than ours. 

With regard now to the metals of the Flrozoic Ocean, or the 
bases with which its acids were combined ; ferric and other 
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oxides of the heavy metals, as I have shown, were among 
these, but never, of course, formed more than a minor percent- 
age of the whole. One consideration is salient here, which is 
insisted on by Stebrt Hunt, and scarce admits of a doubt, 
that the characteristic constituent of our Ocean, aeorsaU^ was 
originally present in far smaller proportion than now, and that 
it has been, at least in great part, a gradual product of the re- 
action of other preexistent chlorides with the carbonate of 
soda that is continually carried in by rivers. It is thus that 
the carbonate of lime of sea shells is supplied. Carbonate of 
potash is also thus carried in, but the potash would appear to 
have been eliminated again in insoluble forms, such as glavr 
conite; while we know no provision for removal of the soda. 
What were these preexistent chlorides? Here is a point 
where, in our present condition of knowledge, there can be 
little but speculation ; and where the great field for fhture in- 
vestigation lies. There has already been discussion as to the 
questions whether chloride of aluminum was present or not (to 
the affirmative of which I incline) : whether the amounts of 
the chlorides of calcium and magnesium, or either of them, 
were much greater formerly than now (of which I should incline 
to maintain the negative) ; which of the bases of the latter two 
chlorides predominated in the older Ocean, and so on. Stebrt 
Hunt at one time made the suggestion that the waters of 
mineral springs from Silurian rocks, largely impregnated with 
these two chlorides, may be the fossU waters of the Silurian 
Ocean ; but it seems probable rather that these are bitterns 
from the evaporations of enclosed portions of this Ocean. 
C. A. GoBSSMAMN, in a paper in the American Journal of Sci- 
encCj July, 1867, gives us a comparison between Stbrbt 
Huiit's analysis of a salt spring* and his own of a Syracuse 
bittern, which has "practically ceased to evaporate" in the 
open air. 



(GOBSSMAITN). 

CaO, SO* 0.26 

CaCl 10.47 

MgCl 10.60 

KCl 8.88 

KBr 0.45 

NaCl 8.76 

Water. 66.19 


(T.S 


Hunt). 

ondet. 
9.206 
9.484 

NaBr. nndet 
17.400 


100.00 






*Salt spring finom noai 


Bayof Qninte. 
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G0B88ICAKN argaea that this reaemblance shows the proba- 
bility that such mineral waters ^* originate from mother-liqaora 
or bitterns of the saline residue of marine evaporation of the 
Silurian age." 

In the same paper, GoBSSMAim, after referring to the views 
of Kabstbk, upon saline sprii^, as published by him in 1847, 
that these springs originate usually fh>m rock-salt of FrimitiTe 
(volcanic) origin, and are modified in composition by subse- 
quent chemical action upon strata through which they efEbct 
their exudation ; and that therefore the presence of chloride of 
calcium, with other compounds, was but accidental, says : that 
the presence of this chloride has since been recognized ^^as 
especially characteristic of the salt deposits of ante-tertiary 
dates. Consequently these have been considered as a pro- 
duct of the constant admixture of the oceanic waters of pre- 
cedii^ geological periods ; while on the other hand its absence 
in our present Ocean and in most salt deposits of a more 
recent date, is an established fact." He doubts not that the 
composition of the Ocean has changed and is now changing, 
yet he asserts ^^that our ideas concerning the main features of 
the Primitive or Silurian Oceans are still vague, and especially 
so upon this point" (t. e. the presence or absence of chloride 
of calcium). 

In connection with these questions, it has occurred to me 
that Ebblmen's results (AnncUea des Mines [4], xii, 67) may 
have importance. He there shows that in the alteration and 
subaerial erosion of trap, five-sixths of the lime, while not 
more than one-third of the magnesia and but half the alkap 
lies, are lost. It is to be remembered that in our present 
Ocean the total lime is but about one-third of the total mag- 
nesia. 

Deferring for the present some views of my own upon tiiese 
points, I shall close this chapter with a brief remark upon an- 
other important element entering into these great and complex 
problems. 

To a superficial observer it might appear that, as the Ocean 
continually receives mineral matter in solution, and continu- 
ally evaporates, it should become more and more charged 
with each of its dissolved constituents. This view, however. 
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requires great modification, and here we find one of the grand* 
est illustrations of the governing influence of Life, according 
to my proposition at the outset of this paper. For example, 
as stated above, the continuous predominance of magnesia 
over lime in our present Ocean, notwithstanding that rivers 
constantly pour in several times more of the latter than of 
the former. Through Zoic influence numerous other impor- 
tant constituents of the oceanic waters are eliminated and con- 
verted into permanently solid and insoluble forms, and thus 
constantly removed, in many cases quite as fast as they are 
supplied. Among these may be mentioned carbonic actd, sul- 
phur j phosphorus^ potash^ iron and sUica, 

n. Zoio History; vbom ▲ Chemioal Vnew-PoniT. 

This chapter of the memoir relates to the demonstration, 
illustration, and general elucidation of my proposition of the 
ruling influence of Life in the Chemical History of Geological 
development. The subject is so vast that I have judged it 
proper not to make a vain attempt to condense it into a com- 
pass appropriate to the present occasion. Daka purposely 
omits this and its related subjects from his great work, on ac- 
count of the " lai^e amount of space" that would be required 
(Dana's Geology, p. 604). 

I will but say that the general scope of my attempt is to 
show that a consistent theoretical scheme of Zoic develop- 
ment, including the breaks in Zoic history, and other readings 
of the geologic revelation, may be based on the study of the 
progressive (direct and indirect) influences of Life itself on 
the elements of the Earth, and on the forces that move and 
transform them. I claim that we have here an almost new and 
unexplored fleld of investigation, the working of which is to 
yield us results quite as positive, valuable, and wonderftil as 
those of the study of fossils, and that the two studies will 
be found supplementary and altogether essential to each other. 
T start of course with my primary postulate, oflTered in the pre- 
ceding chapter, that Life found the Earth in a condition of 
completed combustion, and that it has been the sole Oxygen- 
Maker, and Deoxidizer. Herein Life has done no work^ it has 
but directed or governed the working forces of the Solar Em- 
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anation, in reveraing the opposing influences of chemical affin- 
ity. It is a master, not a laborer. In my philosophy I regard 
neither vitality nor affinity as forces capable of transforming 
matter. They are both mlers of the forces that transform mat- 
ter. Their reigns are antagonistic and alternating with each 
other. This is a subject which I propose to treat elsewhere. 

In gradaaUy impregnating the atmosphere with active oxy- 
gen, Life has profoundly altered, in an infinity of ways, the 
whole chemical status of the earth's crust, and, moreover, by 
substitution of oxygen for the preexisting carbonic acid, the 
weight and density (though not the volume) and a multitude 
of other physical conditions of the atmosphere, have been 
changed. 

As examples, I shall select, almost at random, one or two of 
the striking geological views which grow out of such chemi- 
cal considerations. As to the mode of formation of peiro- 
leuvij many speculations have been offered ; but the follow- 
ing /<^ is here pointed out for the first time. The petroleum- 
bearing strata antecede the larger mass of the Carboniferous. 
It is clear, therefore, that the oxygen corresponding to the car- 
bon, and part of the hydrogen, of the huge masses of coal of 
subsequent Carboniferous strata, as well as of the fossil mat- 
ters since deposited (the Tertiary lignites for example) and of 
all now existing vegetation, had not then, as yet passed into 
the atmosphere. In an atmosphere so poor (comparatively) 
in oxygen, could decay and eremacausis proceed with the 
rapidity and intensity of our day? Would they not rather be 
necessarily so slow and imperfect that liquid products would 
be formed instead of gaseous? Of course the greater con- 
tent of carbonic acid in the atmosphere during the days of 
Petroleum-Genesis (represented now by not only all the fossil 
matter, but by all the limestones, dolomites and chalybites 
since formed) may have contributed its modifying influence. 

As another example of the intermitting sway of Life over 
the successive chemical conditions of the telluric surface, I 
introduce here what appears to me to be a new and prolific 
generalization relating to the oscillations of oxygen between 
carbon and iron in past ages. In addition to the former pos- 
tulates of my Zoic Theory of Chemical Geogony, I may in 
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fact here enounce another. In a previons paragragh, I have 
presented the induction : In the Prozoic Era^ dU the Potential 
Oxygen of the Earth's surface was in combination^ either with 
Iron in the Hydrosphere^ or with Carbon in the Aerosphere. 
The new postulate I have to present is as follows : 
A large part of the Potential Oxygen has been swinging like a 
pendvlum^ under the alternating impulses af Vitality and Affin- 
ity^ between Iron and Carbon^ since the Zoic Dawn, 

The discussion of this Postulate would lead me too far on 
this occasion. To illustrate it I shall but present the follow- 
ing scheme, constructed in tabular form, to represent the influ- 
ence of the principle upon the chemical state of the Iron- 
Oxides in the oceanic sediments of the successive geological 
days. 

TABLE or SECULAR GEOLOGICAL OXTGBN-OSCILLATIONS. 



Ages. 



DATS. 



Gem^ Condition of Iron. 



Pbozoic, 
Eozoic, 



Lower Silurian, 



Uffer Silurian, 



Devonian, . . . 

Carboniferous, 
Permian, . . . 



Mbsozoic, 
Obnozoio, 



Potsdam, . . . . 

Calciferonfl, . . . 

Trenton, . . • . . 

Hudson River, . . 

Oneida, 

Medina, 

Clinton, 

Niagara, 

Salina, 

Lower Helderberg, 



Orlskan; 
Upper t__ 
Hamilton, 
Chemang, 
CatskiU, . 



Triassic, . . 
Jurassic, . 
Cretaceous, 



) Tertiarf, . . 
( Anthropozoic, 



Ferric. 
Ferrous, 
Ferric, 
Ferrous, 

Ferric (though marine) ; [Bed 
Shales and Sandstones and 
Bed Iron Ores]. 

Ferrous, * 

Ferric 0) 

Ferrous, 

JT'arric (for 6000 ftet). 

Ferrous, 

Ferric, 
Ferrous. 

FerriOm 



m. Chemioal bevelation of a Final Zoio Catastrophe. 

In the course of the above attempts to fathom the Chemis- 
try of the Fast, indications have become apparent to me, which 

A.A.A.S.VOL.XVin. 90 



Digitized by 



Google 



226 B. MATCBAX HI8T0BT. 

are applicable to the Fature : and which seem to be of faruly 
vital interest to the human race. There are chemical changes 
now active on the Earth's surface, easily demonstrated, whose 
continuance must inevitably bring about the final extinction of 
man, and ultimately of all other life npon our planet. 

A single one, among the most important and inevitable of 
these, I propose here to explain. 

What fhmishes the actual fundamental chemical nutriment 
or pabulum, of vital existence? No chemist will contradict, 
when I say that it is the carbonic acid of the atmosphere. 
How long is this going to last ? This question many will re- 
gard as absurd, having been taught that it is restored at least 
as fast as (possibly at the present day faster than) it is con- 
sumed. The notion, stereotyped in the text-books, is that, 
whatever may have been in the past, an equilibrium has been 
reached during the age of man, between production and con- 
sumption. This cannot be, unless there can be shown a mode 
of restoration corresponding, and equivalent to, each mode of 
consumption. There is one such mode, however, still active 
and continuous, and without sign of cessation, which will ulti- 
mately exhaust the atmosphere of its carbonic acid, and thus 
put an end to organic life. This agency is itself due and has 
ever been due to vital influences. It seems part of the great 
law of Zoic development that Life slowly evolves the causes 
of its own ultimate extinction on the Earth. The agency I 
refer to is that by which marine animals with calcareous shells 
or skeletons secrete carbonates from the ocean water, the car- 
bonic acid of these carbonates having been originally derived 
from the atmosphere. Such carbonic acid thus passes into 
solid forms, permanent and for ever unavailable thereafter. 
This is where the great machine runs down, and Affinity ob- 
tains its final victory over its mysterious antagonist Vitality. 

Whenever the last molecule of carbonic acid produced from 
the combustion of all the carbon on the Earth shall have been 
locked up in this shape, no form of life now known to us can 
any longer be possible, and the present Zoic Cycle must end. 
Comparatively and geologically speaking, the end is near; 
though millions of years may yet intervene. But long before 
this end of aU life, the atmosphere must graduaUy diminish in 



Digitized by 



Google 



aSOLOGT AND PAL-EONTOLOGT. 227 

its capacity to projiuce food suitable for man. No haman 
power th^t we can discern can avert this result. Man, by 
burning up the carbon stored in ^ras past in the Earth's vis- 
cera, is doing his utmost to preserve the status of the ma- 
chine, possibly even partially and temporarily rewinding it 
(here is a curious topic for speculation) ; but it must still con- 
tinuously ran down. In the oceanic depths, this precious con- 
stituent of the air, in which we literally, in a higher than poetic 
sense, " live, and move and have our being," is continually 

undergoing 

'^ A Bea-change 
Into Bomething rich and strange," 

never to reappear in form available to life, until indeed that 
time shall arrive, when ^^ the elements shall melt with fervent 
heat ;" and when, under the influence of this heat, the calcic 
and magnesic carbonates shall be converted into igneous sili- 
cates, rendering up again the treasures of carbonic acid in 
their marble grasp ; the atmospheric oxygen — ^representative of 
Affinity, enemy of Vitality — shall also then be at least partially 
withdrawn by oxidation of sulphides and of ferrous oxide; 
and the Earth be thus far advanced in preparation for a new 
Zoic Cycle. 



8. Notice of some New Tertiabt and Cretaceous Fishes. 
By O. C. Marsh, of New Haven, Conn. 

(Abbtsact.) 

The fossils exhibited by Professor Marsh, and briefly de- 
scribed in this communication, consisted of the remains of sev- 
eral new species of fossil fishes firom the Cretaceous and 
Tertiary formations of the United States, and nearly all were 
from the greensand of New Jersey. 

Among the remains of Tertiary fishes were specimens indi- 
cating two very diminutive species of Sword-fish, each of which 
was represented by Uhe beak, or united premaxillaries. One of 
these fossils, for which the specific name Eistiophorus parvtUvs 
was proposed, was a nearly perfect "sword," only about three 
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inches long; which would indicate that the entire fish was 
probably not more than twenty inches in length. The beak 
in this species is slender and very pointed. It is compressed 
transversely, but has the lower surface nearly flat. The brush- 
like teeth on this portion are reduced to two narrow bands. 
The remaining surface of the sword is irregularly striated. 
This interesting specimen was found in the Eocene greensand 
of Monmouth County, New Jersey, at the pits of. the Squankum 
Marl Company, and was presented to the Museum of Tale 
College, by O. B. Kinne, Esq. 

The. second small species of Sword-fish apparently belongs 
to a new type, allied to the extinct Ccdorhynchus of the 
Eocene. The beak resembles in general form that of Coelo- 
rhynchuB^ but is much smaller, tapers more rapidly, and has the 
inferior surface flattened, and marked by two shallow grooves. 
Like the rostrum of that genus it has a double cavity at the 
base, and a single one through the main portion of the shaft. 
The upper surface is also fluted, but much more delicately than 
in any known species of Ccdorhynchus. When entire the beak 
was apparently not more than two and a half inches in length, 
and the whole fish probably did not exceed fifteen inches, 
which is by far the smallest sword-fish known. For the ex- 
tinct genuB represented by this specimen, the name EmbaU}- 
rhynchus was proposed, and the species was called EmbalO' 
rhynchus Kinnei^ after the discoverer, O. B. Eanne, Esq., whose 
explorations in the Tertiary of New Jersey have brought to 
light many interesting fossils. This specimen, also, was found 
in the Eocene greensand, at the pits of Squankum Marl Com- 
pany. 

A new species of PhyUodus, the first discovered in this 
country, was likewise announced, and briefiy described under 
the name Phyllodus elegans. It was represented by a pharyn- 
geal, dental plate, with the teeth in an excellent state of 
preservation. This specimen differs from the corresponding 
part in the known species of this genus, in its form, which is 
subtriangular, and especially in its much smaller size, as it is 
but nine and a half lines in length, or scarcely more than one- 
fourth as large as the smallest sdready described. In the 
number and position of the various teeth it appears to most 
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nearly resemble FhyUodus toliapums Ag. (Foissons fossiles, 
Vol. n, pi. 69 a, fig. 1) from the London clay, but differs ft:om 
that species in having the central teeth proportionally mach 
more elongated and the lateral ones less numerous. This 
unique specimen was found in the Eocene greensand at Farm- 
ingdale, New Jersey, in the pits of the Squankum and Free- 
hold Marl Company, and was presented to the Yale Museum, 
by Major A. J. Smith, the Superintendent. 

A second and larger species, apparently of the same genus, 
was represented by the central portion of the corresponding 
dental plate. It is readily distinguished from all the described 
species of PhyUodtLs, by the unusual thickness of the teeth, and 
by the fact that the longest of the series are considerably 
curved, so that the crushing surface of the plate is concave 
transversely. This species was named PhyUodvs curvidens. 
The specimen on which it is established was found near Shiloh, 
Cumberland County, New Jersey, in the Miocene Marl, and is, 
therefore, the most recent known representative of this type 
of fishes. 

Another new species from the Tertiary was indicated by the 
palatal plate of a fossil ray, for which the name Myliobates 
bisulciis was proposed. It differs from the species of this 
genus already described, in having the central row of teeth 
marked along the median line by a deep groove. In other re- 
spects the dental surface is remarkably smooth and fiat. This 
specimen is from the Eocene greensand of Monmouth County, 
New Jersey, and also belongs to the Museum of Yale College. 

Among the Cretaceous specimens exhibited were several 
ichthyodorulites, which evidently belonged to Chimaeroid 
fishes, and indicated a species new to science. One of these 
was a dorsal spine, nearly perfect, and about fourteen inches 
in length. It is somewhat curved, and remarkably slender, 
being but nine lines in antero-posterior diameter at the base, 
and tapering regularly to the apex. It is compressed trans- 
versely, suboval in general outline, and has the posterior sur- 
face slightly concave in the lower portion. The upper half of 
this surface is armed with two rows of very sharp, decurved 
teeth, while the corresponding part of the anterior face has a 
sharp cutting edge, which toward the distal end is finely ser- 
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rated. The sides of the spine are smooth, or faintly stariated. 
This specimen was foond by John G. Meirs, Esq., in the up- 
per Cretaceoas marl bed, near Homerstown, New Jersey, and 
the species is named Dipristis Meirsiiy in honor of the dis- 
coverer. Fragments of this species, of much larger size tiian 
the specimen described, are not uncommon in the same geo- 
logical horizon in other parts of the State. 

Another Cretaceous species, Enchodus semistriatuSj was de- 
scribed from a number of shed teeth. The most perfect of 
these was fourteen lines in length and three and a half lines in 
diameter at the base. It was slightly sigmoid in shape, com- 
pressed, and has in front a sharp cutting edge which is 
minutely denticulated. The rounded posterior surface was 
marked by delicate strias, except near the apex, which is fur- 
nished with a distinct barb. Some of the smaller teeth were 
more nearly straight, and apparently without the barb. All 
the specimens of this species yet discovered are from the lower 
Cretaceous Marl bed of New Jersey. 



II. ZOOLOGY. 
1. Observations on Phtllopod Crustacea of the Fahilt 

BrANCHI^ ID^, WITH descriptions OF SOME NeW GeNERA 

AND Species, from America.* By. A. E. Yerrill, of 
New Haven, Conn. 

The Fhyllopod Crustacea are among the most interesting of 
the Entomostraca, as they are also by far the most beautiful. 
In size the species generally exceed those of most other groups, 
except the Limuloids and Cirripeds. The numerous peculiar 
natatory appendAges, which are moved with a peculiarly grace- 
ftil undulatory motion, give them an elegant appearance when 
in motion. In this country they have iiitherto been but little 

* An abstract of this commanication was printed in the " American Journal 
of Science/' xlvlil, p. 24^, Sept., 1809, and reprinted in " The Annals and Magazine 
of Natural History.'^ In the present paper many alterations and additions have 
been made. 
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studied, and doubtless many more forms remain to be dis- 
covered. 

Among those akeady described from North America, are two 
species of Apus^ A. glacialiSy from the Arctic regions, and A. 
longicaudatus Leconte, from the Rocky Mountains. 

In the following remarks those belonging to the Branchi- 
pidas are alone considered. 

Abtbmia Leach, 1819. 

This genus is characterized by having eleven pair of four- 
jointed branchial "feet" or fins along the sides of the body, 
the middle ones being longest ; each joint bearing flat branchial 
appendages, ciliated by sharp setce, as in the other genera of 
the family. The abdomen is slender, six-jointed, the last joint 
long, terminated by two small projecting appendages, each 
bearing six to ten plumose setee. The first abdominal segment 
bears the external sexual organs of the male, and a short, di- 
lated, ovigerous pouch in the female. In the male the head 
bears in front a pair of large, three-jointed hooks or clasping 
organs, each of which has on the inner side of its basal joint a 
small, rounded appendage ; a pair of slender antennse, just back 
of these, terminated by two or three minute set«e ; a pair of 
pedunculated compound eyes, and a dark spot on the middle 
of the head, which is the remains of the single eye of the 
young. The mouth below is provided with a broad labrum, a 
pair of mandibles, two pairs of jaws, and a pair of lateral pa- 
pillae. In the female the head lacks the stout claspers, which 
are replaced by a pair of comparatively small, simple, horn- 
shaped organs. 

According to Dr. Baird,* the genus EiUimene Latreille, 1817, 
was based on specimens of A, aalina, which were badly pre- 
served and erroneously described. That name was, however, 
preoccupied among Acalephs. 

This interesting genus is remarkable for its habit of living 
and flourishing best in very saline and alkaline waters, such as 
the natural salt lakes of Egypt, Utah, etc., and the artiflcial 
brines formed by the evaporation of sea-water by exposure 

* Monograph of the Family Branchipodlda, etc., In Annals and Mag. Nat. 
History, toI. U, p. 216, 1854. 
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to the heat of the son, as in England, France and the West 
Indies. 

The species first made known, A, soUina Leach (Cancer to- 
linus Linn.), was first described by Schlosser,* who foond it in 
great provision in the brines of Lymington, England. JAant 
indicates it also from the salt lakes of Siberia (perhaps a dis- 
tinct species,! ^^^ probably the same as that observed by Fal- 
las{ in great numbers in the Great Schim^l6e). More recently 
it has been described from the salterns of sonthem France, at 
Montpellier, etc.§ The genus has been found also in the Lakes 
Goumphidich, Amaruh and BMah in Egypt, which are re- 
ported to be both very saline and alkaline, their bottoms being 
** covered with a layer of crystals of carbonate of soda, sul- 
phate of soda, and common salt,'' while the density of the 
water is stated at 1.255. The Eg3rptian species appears not to 
have been described as yet.| In the Antilles A. GuUdingi 
Thompson occurs.f A. MUhausenii Edw. (Fischer sp.) is 
found in Lake Loak in the Crimea.** A few years ago Prof. B. 
Silliman presented to the Museum of Yale College a number 
of specimens of a new species, A. Monica Y., which he collected 
in Mono Lake, California, where it occurs in great abundance 

* Obsenrations p^riodlques snr la physiquoi Phistoire natorelle et lea beanx-arta, 
par Gautier, 1756 (with flgares). An extract flrom this is republished In Annals dea 
Sciences nat., 9b ser., t. IS, p. 896, 1840, in an elaborate description of the anatomy, 
dcTelopment, habits, etc., of Artemia $alina by M. Joly, illnstrated by two excel- 
lent plates of the female and young, ft. Joly fidled to obserre the male among 
more than a thousand fbmales, and therefore doubted whether the sexea were dis- 
tinct, suggesting that the males, very weU described by Sclilosser, were only the 
young, although that author described them as clasping the females in the weU 
known manner, but he did not obserre the actual copulation. 

See also an article by Thomas Rackett, in Trans. Linn. Soc. of London, toI. xi, 
p. 205, pi. 14, 1813 (figures very bad); Thompson, Zoological Besearches, Ko. 5, p. 
106, 1. 1 and 3; W. Baird, Nat. Hist, of the British Entomostraca, p. 61, tab. ii, figs. 
8-4 (figures very good, but the specimens probably not AiU-grown). 

t Poiyarttmia forcipata Fischer, is fkrom the rivers of Siberia and also flrom Lap- 
land. It resembles Artemia, but has nineteen pairs of natatory appendages and 
also peculiar appendages to the male claspers, with the second Joint divided. 

t Voyage en difl<^rentes provmces de I'empire de Russle, t. ii, p. 505 (t Joly). 

$ M. Payen, Note sur des anlmaux qui colorent en rouge les marais salans, Ann. 
des Sci. nat., 9e ser., t. 6, 1836, p. 910 (contains experiments on the effects caused 
by altering composition and density of the water); also op. cit., t. 10, 1888, p. 315; 
Joly, op. cit., t. IS, p. 225, 1840 (see above); Milne Edwards, Crustacea, t. iil, p. 368, 
1840. 

II Audouhi, Ann. des Sci. nat., 2e ser., t. 6, 1836, p. 280. 

IT Thompson, Zool. Besearches, flis. 7, pi. I, figs. 11-12. 

** Edwards, Cmstac^s, t. ili, p. 870, 1840. 
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associated with the larv® of Ephydra.* The water of tiiis 
lake is very dense, and not only very saline, bat also so alka- 
line that it is said to be used for removing grease from clothing. 
I have been unable, however, to find any reliable analysis of 
this water. It is said to contain, also, biborate of soda. Prof. 
Silliman informs me that the genus also occurs in Little Salt 
Lake. It occurs in great abundance in Great Salt Lake, 
Utah, as I am informed by Prof. D. C. Eaton, who obtained 
specimens there during the present summer, f The water of 
Great Salt Lake has usually been described by travellers as 
destitute of all life, but according to IVof. Eaton it contains 
not only an abundance of ArtemioBj but also various other small 
animals, insect larvee, etc. The density of the water is stated at 
1.170**, but doubtless varies according to the season, t It 
yields, according to Dr. Gale, over 22 per cent of solid mat- 
ter,§ while the Syracuse Saline, one of the richest natural 
brines in the United States, contains but 19.16 per cent.g A 
few weeks ago Mr. Oscar Harger discovered another new spe- 
cies, A. gracUis V., near New Haven, under very peculiar cir- 
cumstances. On the long wooden bridge across West River 
and the extensive salt marsh on the West Haven side, are 
placed large wooden tubs filled with water from various pools 
on the marsh, to be used in case of fire. By long exposure to 
the sun and air the water in these becomes concentrated and 
thus furnishes suitable stations for the rapid increase of Ar- 
temioB, On examining the tubs the first of August I found 
eight of them partly filled with water, in six of which the 

* VerrOl, Frooeedin^rs Boston Soc. Kat. Hist., vol. xi, p. 3, 1866 (the larvas were 
wroDgly referred to ErUtalii) ; Packard, on Insects inhabiting salt-water, Proo. 
Essex Inst., vol. t1, p. 41, 1869. 

t This species has since been examined and found to be a distinct species, A, 
fbrtau. 

t The density of the water of the Atlantio Ocean is stated at 1.036; that of the 
Dead Sea 1.130 to 1.227. 

$ This solid matter, according to Dr. Gale (Amer. Jonmal Science, n, vol. xrii, 
p. ISO), has the following composition: 

Chiorid of sodium, 20.196 

Sulphate of soda, 1.834 

Chlorid of magnesium, .202 

Chiorid of calcium, trace 



II For analyses of several of these brines, see Dana's System of Mineralogy, 
6th edition, 1868, p. 118. 

A.A.A.S. VOL.XVm. 30 
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Jsiemim were ftMind in abciiid«noe, thoogh move niimeroas in 
one than in any of the others. In one tab, in wfaidi the 
water had a decidedly milky ai^>eannoe, they were ao aban- 
dant that hondreda ooold be obtained in a few minntea. The 
water in aome of the other tabs containing them was of a red- 
dish or browniBh hae, or about the color of weak tea. In two 
no Artemiie could be sees, and in these the water appeared to 
have been more recently renewed. Search was made in the 
pools from which the water had been taken, bat no Ariemia 
were foond, thoogfa doobtless from these places the progenitors 
of those inhabiting the tabs mast have been taken. It is prob- 
able that in the pools they exist in very small nnmbers, being 
kept in check partly by yarioos small fishes and other enemies, 
and paitly by the anfiiTorM>le character of the water, while in 
the tabs the density of the water is more fiivorable for their 
rapid increase, and anfavorable or fktal to their enemies.* The 
water from the tobs, when examined with a high power of the 
microscope, was foond to be filled with immense nombers of 
inftisoria of Tarioas kinds, snch as monads, Tibrios and bac- 
teria, most of which were so small as to be distingaishable 
only as moving points with a i inch objective. 

In the salterns of France the Artemia^ are associated with 
immense nambers of a monad, usaally bright red in color, 
which has been named Mcmaa Dundlii by Joly, who attributes 
to it the red color which the brine assumes Just before crystal- 
lization,! as well as the red color obserred in the ArtemUBj 
which doubtless feed upon it, as well as upon yarious other 
Hying inAisoria, and dead animal and vegetable matter of vari- 
ous kiuds.l The Movuu Dunalii appears in abundance in the 
water having the density most favorable for Ariemia^ but in- 
creases in far greater proportion in the still denser, nearly or 
quite saturated brine in which Artemia does not live. The 
observations of Payen and Joly show that the A. 9alina of 

*Tb6 deniitj of the wmter In two of the tabs oontainlng most Ariemim, was 
IJn, •qolvAlent to a brine containing 9^ per oent of salt. One of those tested 
was brownish, the other mllkj. 

t Becherohes snr la Coloration en ronge des Marals Salans HMttecranAvis, par 
M. J0I7, Annals des Selenoes natarelles, 9* ser., t. xlii, 1840, p. 988. 

t According to M. Joly, op. clt., p. 989, a beetle, B^droponu 9ailmu Joly, also 

Inhabits the salterns, wheie the water has a density of «• or r Baonrf. and preys 
npon the ^risnte. 
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France can exist in waters Tarying in density firom 4^ to 20** 
Banm6, but that they flourish best in those that have a density 
of lO"* to Id*".* According to Backett those of Lymington do 
not live in the water which is undergoing the first stage Of con- 
centration, but only in the pans of concentrated brine, contain- 
ing about *^ a quarter of a pound of salt to the pint." 

Our A. gracUis can exist without apparent inconvenience 
when the water in which they occur is diluted with an equal 
bulk of firesh water, as well as when it is much concentrated 
by evaporation. The water in which they were found varies in 
density from 1.060 to 1.065. 

Abxbmii. gracilis VerrilL 

American Jonmal of Science, xlviii, p. 348, September, 18$9; re- 
printed in Ann. and Mag. of Nat History, Vol. ir, p. 831, 1888. 

Body slender, in the male ¥\g,u - 

about .3 of an inch long ; in the 
female .4. Claspers of the male 
relatively long and powerful, first I 
joint thickened, with a distinct^ 
angle at the articulation on the 
outside and a short, rounded, 
nearly semicircular process on J 
the inside near the base, about ^ 
lis own diameter from the base ; 
second Joint broad, flattened, 
continuous with the third Joint, 
strongly curved, outline nearly 
regularly convex on the outside, 
until ^ near the middle it sud- ^ 
denly bends inward forming an 
obtuse angle, beyond which the 
outline is concave to the last 
articulation, where it becomes 
again convex, forming on the last Joint a slight, rounded angle, 

*4* to 20° Bftom^ is equivalent to • deniity of about 1.0S to 1^6; 10" to 15*3sl476 
to 1.117. A brine having a density of 1.020, which is nearly that of sea-water, con 
tains about S.766 per cent of salt; one of 1.160 contains 31 J19 per cent; one of 1.075 
about 10.379 per cent ; 1017 about 16.794 per cent. . 

tFigure l,^Artemia graoUii, female, enlaiged; drawn from livtang speetanen 
by J. H. Bmerton. 
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the inner edge is nearly straight, or bat slightly concave, to the 
last articulation, where there is a slight but distinct angle; 
last joint triangalar, longer than broad, tapering to the acute, 
slightly excurved point. Antennse slender, elongated, reaching 
beyond the first articulation of the claspers, terminal setae 
minute. Abdomen slender, smooth, the terminal lobes small, 
longer than broad, broadly rounded at the end, slightly con- 
stricted at the base inside, each bearing usually 7 or 9 plumose 
Fig. s.* setae, the central ones much the 

longest. Ovigerous pouch of the 

female, when seen from below, flask- 
shaped, the neck extending back- 
ward and downward, short, thick, 
subcylindrical toward the end, the 
body of the "flask" short, thick, 
swollen lateraUy, broader than long, 
the sides terminating outwardly in a 
small, triangular, sharp tooth, some- 
times showing a minute spine. This 
pouch is generally filled with numer- 
ous large, brownish eggs. 

Color generally reddish, flesh- 
color, or light greenish, translucent ; the males usually lighter, 
greenish white, the intestines generally showing through as a 
dark reddish or greenish median line ; eyes very dark brown, 
or black; ovaries often whitish, along each side of the ab- 
domen. 

An adult male gives the following measurements : — distance 
between eyes 1.81"*"; breadth of head .76; length of eye- 
stalks .62 ; length of first joint of the claspers .91 ; its breadth 
.72 ; breadth of its appendage .18 ; length of second and 
third joints from outer edge of first articulation to the tip 
2.48 ; greatest breadth .87 ; breadth at last articulation .72 ; 
length of last joint 1.05 ; length of last joint of abdomen, ex- 
clusive of appendages, 1.00 ; its breadth .31 ; length of prece- 

*Figare 2.— a, head of A, graHHt, male, Tiewed flrom below, showing part of 
the month organsi the eyee and the claspers; b, abdomen of the same, with male 
organs; c, head of A. Matdca, showing eyes, antennie and claspers; d, caudal ap- 
pendages of the same. All these llgares are ttom camera-lucida drawings by the 
author, and enlarged seren diametera. 
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ding joint .42 ; its breadth .87 ; length of terminal appendages 
•21 ; breadth .096 ; length of longest setae .70. 

New Haven, Conn. Charlestown, Mass., on railroad bridge 
across Charles Biver in tabs of concentrated sea-water.* 

Abtekia Monica Verrill, op. cit., p. 249. 
Figure 2, e, d. 

Form similar to that of the preceding species, but a little 
larger and stouter. The largest female is 13"™ (.52 of an inch) 
long, the abdomen being 6"^ ; and 5°^ across the branchial feet 
in their natural, partly extended, position. The largest male 
is 11.6™" (.45 of an inch) long, the abdomen being 6"™. The 
claspers of the male are relatively stonter, the hook or outer 
two joints being much broader, more triangular, and less elon- 
gated. The inner edge of the first joint, as seen from below, is 
regularly convex, bearing the appendage on its most convex 
part, and not so near the base as in A. graeiUs, the distance be- 
ing about twice the breadth of the organ, which is about as 
broad as long and regularly rounded. At the articulation the 
outer edge of the joint projects as a distinct angle. The second 
and third joint together have a nearly triangular form, the 
breadth being about half the length ; the outer edge is regularly 
rounded, shorter than in the preceding ; it forms little more 
than a right angle with the front edge, which is nearly straight 
or a little concave, sometimes slightly convex at the last articu- 
lation, but not forming a distinct angle there ; the inner edge of 
the hook is a little concave on the first joint, becoming convex 
at the last articulation, where there is a distinct but very obtuse 
angle. The last joint is almost regularly triangular, about as 
broad as long, tapering to an obtuse point, the inner edge be- 
ing a little convex. The antennae are very slender and do not 
reach the first articulation of the claspers. The caudal append- 
ages are smaller than in A. gracilis j and scarcely longer than 
broad, rounded at the end, terminated by nine or ten very slen- 
der pulmose setflB. The egg-pouch of the female is broad fiask- 
shaped, strongly convex in the middle below, the sides not 
forming such sharp angles as in J., gracilis. 

* During the progress of the meeting Dr. G. H. Perkins discovered this speoies 
in great abundance in tubs of water taken from the Charles Biver and kept on the 
Eastern Railroad bridge. Proltosor Agassix also stated that he had formerly ob- 
served this or a similar species in the salt vats at Cape Cod. 
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The English specimens of A. Mtina, as figured by Baiid, 
differ from both the preceding species in having longer, more 
curved, and sharper clasping hooks, and the basal appendage 
more elongated ; the egg-pouch, though badly figured, is of a 
very different form. The French specimens, as figured by Joly, 
appear like a distinct species, the egg-pouch being of a very 
different form, and the caudal appendages very much longer and 
larger than in either of our species, while Baird's figure repre- 
sents them as very small ; but his specimens appear to have 
been smaller, and may have been immature, for these species 
begin to breed before they are half-grown. Whether the French 
species be distinct from the English can only be determined by 
additional examinations, especially of the male, for the male of 
the former appears not to have been figured hitherto. 

AxixMLi nEBXius VtrrflL 
American Joamal of Science, YoL xlvtU, p. 480, Nov., 1869. 
This species grows to a larger size than I have observed in 
either of the others, some of the specimens being frill .75 of an 
P, 3 « inch loBg. The daspers 

of the male (fig. 8, a) are 

stout, with the second joint 
broader and more triangu- 
lar than in either of the 
preceding species. The 
outer angle of the second 
4 joint of the daspers is very 

prominent, and the outline 
from thence to the tip is decidedly concave, in this respect 
resembling those of A. gracilis more than those of A. Monica. 
The caudal appendages (fig. 8,6) appear to be shorter than in 
either of the others, but this character varies considerably 
with age in all the spedes of this genus.t Great Salt Lake, 
Utah, — Sereno Watson; D. C. Eaton; S. A. Briggs. 

* Figure 8.»a, head of ArUmiaftirtiUa V., nude; b, caadal appendages. Camen- 
Incida drawings by the author from alcoholic specimens, enlarged seven diameters. 

t For this reason several nominal Bnropean 8|>ecies, estabUahed mainly on dif- 
ftrences in the caadal lobes and setn, are probably only the yoong of others, or all 
perhaps of A. idUnOf especially since those with small candal lobes and tsw or no 
setsB, are described as small; as for example, A, MiOumteiM, A, iwieNna and A, 
KoppenUma (Fischer species). 

Another species has recttitly been made known from New South Wales, A* 
praxima King, Entom. Soc., N. 8. Wales, Vol. i, pi. zi. 
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This species occnrs in vast numbers in the very dense waters 
of Great Salt Lake, together with the larvse of Ephydra. 

BBANCHIFU8 ShCBfllSr. 

Branchipw ShoBlfer, Elementa entomologica, Fl. 29, figs. 6, 7, 1766, 
(type, B.pisdformU^B, ttagncUis Linn, sp.)* 

Branchipus (jpara) Lamarck, Latrellle, Leach, Edwards. 

ChirocephcUus {para) Dana (non B6n6dict Fr^rost, 1808; Jnrine, 
Thompson, Baird). 

Under the name, Branchipus^ at least five or six generic 
groups have been confounded by various authors. 

Branchipus should be restricted to the original species de- 
scribed by ShoefiTer and the allied species, of which B. stagnaZis 
(Linn, sp.) is one, if not identical with B. pisciformiSj as is 
generally supposed. 

As thus restricted the genus is characterized by the stout 
two-jointed claspers of the male, with or without a tooth near 
the base of the hook, the basal lig. 4.* 

joint being swollen; by having a 
pair of simple appendages resemb- 
ling antennse between the bases 
of the claspers in front (fig. 4, c) ; 
by the large, thick, oval egg- 
pouches of the female, and, ap- 
parently, by the structure of the . 
branchial oi^ans. The typical spe- 
cies have, in addition to the paur 

of slender antenniform organs, a short bilobed organ (d) be- 
tween the bases of the claspers in front. 

The type of this genus is B. stagnalis of Europe (fig. 4, 
head of male). It is doubtM whether any other described 
species can be properly referred to the genus. 

STBBFTOCBFHixua Baird. 

Monograph of the Family Branchipodid®, etc., in Annals and Mag. 
Nat. History, vol 14, p. 219, 1864. 
BeUrobranchipus Verrill, ^pierican Jour. Science, zlvlli, p. 250, 1869. 

Body and caudal appendages as in Branchipus; natatory or- 

* Figure 4. — Bran^^$ itagnaUs Latreille, head of male, enlarged ; a, antennn ; 
5, eyes; c, antenniform organs; d^ bilobed organ at base of claspers; e, claspers. 
From Latreille after Shceffei's flgore of JET. i>i«c(/brmi«. 
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ganfl in eleven pairs. The claspere of the male are long, three- 
jointed, tortuous or twisted; the terminal joint subdivided 
more or less, into two or more branches, or bearing slender 
appendages. Near base of daspers are two antenniform 
organs.. Front of head with a bilobed organ, between bases 
of claspers. Male organs long, slender, complex. £g^-poodi 
elongated or conical. 

This genus includes S, cafer (Loven sp.) Baird, ttom the 
marshes of South AfHca ; S. simUis Baird, from St. Domingo, 
West Indies; 5. tarvicamis (Waga sp.) Baird, from near 
Warsaw, in the latter the claspers are said to be as long as 
all the rest of the body ; S, rubricaudatua (Elunzinger sp.) 
from Kosseir, near the Red Sea.* The last species has yeiy 
long slender claspers in the male ; the first joint bearing a slen- 
der antenniform organ at its outer end ; the second with three 
slender teeth-like processes on the outer side; ihe third is 
crooked, subdivided at the end into two long crooked branches, 
of which the inner is much the longest, sickle-shaped, and ser- 
rated on the inner edge. The external male organs are com* 
paratively small and simple. The egg-pouch is long, slender, 
and beaked at the end. This and S, torvieomis are closely 
allied and should be considered typical species of StrepUh 
oephaluSy while 5. cafer and 5. simUia might well be separated, 
as a subgenus, at least, under the name of Hetercbranchipus. 

CmBOOKFHALUS PxtTOtt, 1808. 

This genus, established for C. diaphanuB^ is evidently very 
distinct from both the preceding. The typical species is large, 
stout, and remarkable for the singular appendages between the 
claspers of the male, on the front of the head. These consist 
of two long, Hgulate, fleshy processes, serrated on each side, 
which coil in a spiral beneath the head, but when extended, as 
in copulation, reaching beyond the claspers ; attached to the 
outer side of each of these are four long processes, strongly 
serrate on the inner edge, and near the base another large, 
broad, thin, subtriangular appendage, its edges strongly ser- 
rate, especially in front, capable of folding up like a fan when 
not in use. The claspers have a mueh swollen basal joint, a 

* Zeitsohrift ftr WiflBenBoh. Zoologie, xrii p. tt, Taf. W. flgs. 1 -9, 1867. 
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strongly serrate tooth on the inside of the base of the second 
joint, which beyond this is slender and regularly curved. Egg- 
poach long-oval, large and thick ; caudal appendages large ; 
male organs and branchisB. peculiar. 

O. diapJianus Prev., inhabits fresh-water pools in France, 
Switzerland and England. It- is well described and figured in 
Baird's British Entomostraca, p. 39, tab. ni and iv. 

Dr. Baixd, in his monc^aph, refers to this genus the follow- 
ing species: — 

G. damger (Fischer, sp.), from Siberia; (7. hirostratua 
(Fischer, sp.), near Charkow, Russia ; C l(Kun(B (6u6rin, sp.), 
near Fontainebleau ; G. Middendorffianiia (Fischer, sp.), from 
Siberia and Lapland. 

The last appears, however, to belong rather to our Branchi- 
nectay and (7. lacunoR ought, perhaps, to form the type of a dis- 
tinct genus, since it lacks the complicated appendages of G. 
diapJumus. This reference of G. hirostratua is also scarcely 
satisfactory ; it may be nearer to our Eubrwnchvpua, 

SuBSANcmpcs, gea. noy. 

Body robust, with eleven pah* of natatory appendages. Male 
with large head and very stout claspers ; first joint of dasper 
much swollen, capable of retracting the basal portion of the 
second joint into their cavity ; second joint stout at base ; in 
the typical species with a large tooth on the inside, the outer 
portion tapering, rather obtuse. 

Front of head, between the bases of the claspers, bears two 
thin, flat, tapering a|)pendages, serrated on the edges and 
transversely striated or jointed. Caudal appendages long 
lanceolate, with numerous plumose setse. Egg-pouch short 
and thick, swollen and broad-oval. 

Besides the following species this genus appears to include 
Branohipua spinoaua Edw., from a salt lake near Odessa, ]jvA 
the latter appears to have no tooth at the base of the second 
joint of the claspers. 

EuBRANOHiFns VERNALis VerriU. 
Branchipua vemalia Verrlll, op. cit., p. 261. 
Form rather stout, large ; the full grown females are 23™° 

A. A. A. S. VOL. XVm. 31 



Digitized by 



Google 



ZOOLOOT. 248 

specimens. On the front of the head between ti|o l^al jpints 
of the claspers are two flat, lanceolate, short, ligukete, fleshy 
processes, with finely serrate edges, usually coiled down, but 
when extended scarcely more than half as long as the basal 
joint of the claspers. Antenna small and very slender, taper- 
ing, reaching a little beyond the eyes. Caudal appendages 
long, rather narrow, slightly swollen at base, gradually taper- 
ing to the acute tips, and bearing along the sides, except 
at base, very numerous, long plumose setae. Egg-pouches 
short, broad-oval, nearly as wide as long, slightly three-lobed 
posteriorly, the central lobe largest, sides extended and 
largely adherent to the sides of the abdomen, length 4"^ ; 
breadth 3.5. Body flesh-color or pale red, the intestine darker 
red or greenish. 

A large male gives the following measurements : length of 
first joint of claspers 4.62™" ; diameter 2.40 ; length of second 
joint 4.14 ; breadth at base 1.90 ; at tooth .72 ; in middle .52 ; 
length of tooth .90 ; its diameter .33 ; length of caudal ap- 
pendages 4 ; breadth at base .33 ; in middle .20 ; length of 
setaB 2 ; length of antennae 3. 

New Haven, in stagnant pools, — J. D. Dana, D. C. Eaton, 
A. E. Yerrlll; Salem, Mass., April 19, 1859,— B. H. Wheat- 
land, C. Cooke (from Essex Institute) ; Cambridge, Mass., — 
A, E. Verrill. 

This differs widely from all the described speciQS of Europe, 
in the character of the claspers of the male and their appen- 
dages. E. sptnosa resembles our species somewhat in the 
frontal appendages between the claspers, but lacks the con- 
spicuous tooth at the base of their second joint. The shape 
of the egg-pouch in our species is also characteristic. 

This is doubtless the species referred to by Dr. Grould under 
the name of Bnmchipus stagnalis.* Dekayf copied the diag- 
nosis of JB> atagnalis ( f) from a foreign work, and gave a fig- 
ure of Chiroo^haluB diapJianua^ copied apparently from Des- 
marets, pi. 56, which is itself a copy. 

This species appears very early in spring, often in great num- 
bers, in quiet pools. I have never seen it later than the middle 

* IiiYerfeebrate of KMMoliasatts, p. 889. 

f Nataral Histoir of New York, Zoology, Fart I, Cnuteoea, p. 68, pi. iz, ng, 86. 
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of May, yet since the indiyidualB seen in early spring are fhll- 
grown, it might, doubtless, be found also in jantunm. 

BBANcmraOTA Verrffl, op. dU, p. 950. 

Form rather slender, with the median appendages longest, 
so as to somewhat resemble Artemia in outline, but larger. 
Male with rather slender, pointed, rounded, two-jointed clam- 
pers ; the basal joint somewhat enlarged, with an oblique row 
of small teeth on the inner side ; the second joint cunredy 
tapering, the inner edge usually finely serrulate. Front of bead 
and base of claspers without other appendages of any kind. 
Caudal appendages slender, or narrow lanceolate, fringed with 
plumose setflB. Egg-pouch much elongated, and in some, if 
not all species, with lateral lobes at base. 

Bbahchinbota ARCnCA Verrill. 

Branchiptu (Branchinectd) arcticus VerrlU, op. cit, p. 253, 1869. 
Branchipus paludosus Packard, Invertebrate Faana of Labrabor, in 
Mem. Boston Soc. Katoral History, i, p, 295 (non Mtiller). 

Fig. 7.* Form slender ; body short ,* abdo- 

men elongated. A fhll sized male is 
20«» (.80 of an inch) long, exclu- 
sive of the claspers, the abdomen 
being 18"*" ; the breadth between the 
eyes 8™". A female 20™" long, with . 
the abdomen 12™^, has an egg-pouch 
6.2 long. Branchial "feef slender, 
elongated, the middle ones longest, 4 
to 5"" long when extended. Clas- 
pers of the male (fig. 7 a) rather long 
and slender ; the basal joint is but 
little swollen, elongated, regularly 
curved, with a small tooth or prom- 
inent angle at the articulation on the 
inside, and on the inner side a row 
of numerous small, distinct, sharp 
teeth, extending from the articulation about half way to the 
base, and arranged somewhat obliquely ; second joint slender, 

•Figure 7. — a, head of B. arctiea, male, showing the Jaws, ejee and claspers ; by 
same of B, GromlaikKca, except ttiat the Jaws are omitted. 
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Fig. 8.* 



Fig. 9.t 



regularly cnnred, tapering to a blnnt point, the inner edge 
minutely serrulate. Front simply curved with no appendages. 
AntennsB slender, scarcely more than half the length of the 
basal joint of the claspers. Labrum long and nar- 
row, mandibles stout, strongly jcurved, bluntly 
pointed. Caudal appendages (fig. 8) slender lan- 
ceolate, rather small, with long slender setae. 
Egg-pouch (fig. 9) much elongated, slender, sub- 
cylindrical, beaked or slightly bilobed at the end, 
the upper or dorsal lobe longest; basal portion 
with two small rounded lateral lobes. 

A large male gives the following measurements 
breadth between outer extremity of eyes 3.46™" 
diameter of eyes .66 ; length of basal joint of claspers 1.66 
breadth .71 ; length of second joint 
1.29 ; breadth at its base .46 ; width of 
mandibles at middle .66 ; length of cau- 
dal appendages .96 ; breadth at base 
.16 ; length of longest setae .84 to 1™°. 
Color of preserved specimens pale 
reddish, with dark green intestine. Lab- 
rador, at "Indian Tickle" on the north 
shore of Invuctoke Inlet, abundant in a 
pool of fresh-water. — Dr. A. S. Packard. 
Dr. W. Baird in Ann. and Mag. Nat. 
Hist., vol. 14, 1854, p. 228, mentions 
imperfect specimens of a species brought « 

from Cape EJrusenstem by Sir John Richardson, which were 
probably. of the present species. It was found with Aptia 
glacicUis. 

Branohinibota Grcxnlandiga VerriU. 



Branchipus (Branchinecta) Or<mlandicu8 VerriU, op. cit, p. 258. 

A little stouter than the last ; the largest male is 17™° long 
exclusive of claspers, the abdomen being 10°™, including cau- 
dal appendages. Claspers similar to those of B. arcHca but 

* Figure 8. ~ Caudal appendages of M. arcHca, male. 

t Figure 9. ~ Egg-pouch of C. aretica, coDtaining eggs. All these flgores are 
from oamera-hicida drawings by the author, enlaiiged seyen diameters. 
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more elongated, the basal Joint leas carved, and the second 
Yig 10* J^^^ longer, less regularly carred, ti^)ermg more 
qoickly at base and consequently more attenuated 
beyond the middle and with more slender tips, 
which are nearly straight. The tooth on the 
inside of the first joint is rather more promi- 
nent, but the row of teeth along the inside is 
similar. Caudal appendages stouter, tapering 
more rapidly. External male organs slender, 
curved outward, swollen at base. The largest 
female is not mature and the egg-pouch contains 
DO eggs ; it is small, slender, elongated, subcylindrical, beaked 
at the end. 

The largest male gives the following measurement : breadth 
between eyes 8.20™" ; length of basal Joint of claspers. 2.81 ; 
breadth .95 ; length of second Joint 2.24 ; its breadth at base 
.76; length of caudal appendages .86; width at base .24; 
Length of setes .76. 

Greenland. — Dr. Chr. Liitken (from the University Zodlogi- 
cal Museum, Copenhagen). 

Of this species I have seen but four specimens, which were 
sent to Dr. A. S. Packard by Dr. Liitken, under the name of 
B. paludostis Miiller. The latter appears to be quite distinct, 
Judging from the figures; it is represented as having veiy 
slender, linear, caudal appendages. In the form of the egg- 
pouch, and the serration of the first Joint of the claspers it is 
similar. 

This species is very closely allied to B, attstioa, and when a 
larger series of specimens can be examined it may prove to be 
only a local variety, but the specimens studied show differences 
that seems to warrant their separation. 

Branchinecta pcUudosa (Branchipus pcUudoms Mull.) is also 
a northern species of this genus, allied to the two preceding, 
but differing tram both, according to the figures and descrip- 
tions, as mentioned under the last. B, ferox {Branehipus ferox 
Edw., Crust., iii, p. 869) is from fresh-water near Odessa. 
The description is so brief and imperfect that its generic afflni- 

* Figure lO.^Caiidal appendages of BraneMnecta Orankmdioa V., male, en- 
larged seyen diameters. 
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ties cannot be made out with perfect certainly, but it agrees 
better with this genus than with any other. B. Middendorff- 
ana (Fischer sp.) from Siberia and Lapland, may also be- 
long here. 



2. On tbhe Trend of the Bocet Mountain Range Nobth 

OF LaT. 60** AND ITS INFLUENCE ON PaUNAL DiSTBIBU- 

' TiON. By W. H. Dall of Washington, D. C. 

About latitude 60° north, this great range nearly approaches 
the coadt range, and about latitude 64° bends, in a confhsed 
mass of mountains, trending with the coast to the south and 
westward, and gradually coidescing and becoming merged with 
the Alaskan Range, which forms the backbone of the penin- 
sula of Aliaska. 

To the north of this there are no considerable elevations 
worthy of the name of mountains, except a few peaks of the 
Romanzoff Mountains. All the ranges of hills and mountains 
have the same general trend. 

Bering Strait is only thirty fathoms deep, and although 
there is a deep ocean valley culminating in the mouth of Plover . 
Bay to the westward of the strait, yet an elevation of one 
hundsed and eighly feet would unite Asia and America with a 
dry plateau offering no obstacles to the migrations of animals 
and plants. • 

The old maps all represent the Rocky Mountains as extend- 
ing to the shores of the Arctic Ocean, but this is incorrect. 

The effect of this bend of that chain is to have a high broken 
plateau to the northward, by which the eastern birds, &c., pass 
to the shores of Bering Sea, while the characteristic west 
coast fauna is almost entirely excluded, though we have birds 
hitherto known from Europe, Siberia and Polynesia, breeding 
at the Yukon mouth with Ampdis gamdusy Colaptes auratus 
and other eastern birds, while the eastern pike {Esox estor) 
reaches to tide water in the Yukon. In fact the whole fauna 
has strongly marked Canadian characteristics, which are lost 
when we pass south of the Alaskan Range. 
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III. BOTANY. 

1. Thb Rookt Mouhtaim Alpdcb Bbgioh. By C. C. Pabbt, 
of WMhington, D. C. 

The wooded belt of coniferous trees that, with inregolar local 
intermptions, clothes the Rocky Mountain slopes, commences 
by a somewhat scattering growth near their base, at an average 
elevation of six thousand feet above the sea. This belt ac- 
quires its densest growth, and exhibits the greatest number of 
dirtinct species, between seven thousand and nine thousand 
feet elevation, and terminates by an abrupt well marked line 
at an average height of eleven thousand three hundred feet. 

These plainly recognized features are readily explained by 
reference to the corresponding climatic conditions here exhibi- 
ted. Thus the growth is most dense and varied where the ex- 
posures present a suitable condensing surface, and where there 
is the greatest and most regular amount of aqueous precipita- 
tion, caused by a mingling of the cool descending currents of 
air fh>m the higher elevations meeting the warm ascending 
currents charged with moisture from the heated plains below ; 
at this irregular point of junction summer rains and dews are 
frequent, and the conditions for arborescent growth are most 
favorable. At stiU higher elevations the actual limit of tree 
growth is determined by conditions of temperature, which sat- 
isfactorily explain the peculiar features of vegetation here met 
with. 

Most noticable of these is the singular abruptness, by which 
this limit of upright tree growth is here marked. You are 
struggling through a tangled maze of fallen timber and dense 
underbrush, overshadowed by tall trees, with spreading roots 
bedded in a saturated spongy soil, when suddenly, without any 
sensible dwarfing of intermediate forms, you come upon open 
spaces, where stunted trees fantastically gnarled and twisted, 
with depressed flattened summits, offer little obstruction to the 
open view above. Through these obstructions, stepping on 
the very tops of matted trees which a few rods below rear 
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their pointed Bpire| to a height of thirty to forty feet, you 
come upon the bare alpine slopes, which continue with vari- 
ously interrupted rocky exposures to the dividing ridge two 
thousand to twenty-five hundred feet higher. 

In the absence of any continuous meteorological observa- 
tions at or above the timber line, the most satisfactory expla- 
nation of the peculiar features here presented is this: The 
so-called timber line marks the extreme point of minimum 
winter temperature below which no exposed phenogamous 
vegetation can exist. All that survives above this point does 
so by submitting to a winter burial of snow, beneath which 
protecting cover it is enabled to maintain its torpid existence. 
The early autumnal fall of snow commences in the latter part 
of September and receives constant additions through the fall 
and winter months, during which it retains its light feathery 
texture, and is not sensibly wasted by melting till the clear 
lengthening days of early summer dissolve them rapidly, giv- 
ing origin to the dashing streams that pour doWn the upper 
valleys. 

It is the pressure of this accumulating weight of snow that 
gives the fantastic shape to the tree vegetation, that struggles 
for existence above the well marked timber Hue, and we can 
readily note instances, here and there, where from some pecu- 
liar condition of wind, or a limited amount of winter-snow in 
particular seasons, points and patches of dwarfed tree growth 
being left unprotected, have been blasted and destroyed. 
Otherwise we can observe still more frequently where ambi- 
tious upper branches projecting into the sunlight of this Arctic 
winter, have been nipped and killed. In these unmistakable 
signs of the struggle for vegetable existence are also exhibited 
some of the most peculiar and marked features of the Alpine 
scenery. This dwarfed tree growth, persisting above the tim- 
ber line, is as we might naturally suppose confined to i^eltered 
valleys, or on the lea-side of abrupt rocks, where the drifted 
snow lies heaviest. The point of greatest snow accumulation 
is mainly determined by the shelter afforded along the upper 
line of the timber growth, at which locations the snow drifting 
from the bare spaces above is lodged, hence early in the thaw- 
ing season, these locations offer the principle obstructions to 

A. A. A. 8. VOL. XVm. » 
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travel, presenting treacherous fields of snow, often overarching 
rushing torrents ; here also the vegetation is longest delayed, 
and is comparatively meagre. It is on the more open expo- 
sures above that the alpine flora offers its greatest variety, and 
most attractive features, and through a brief flowering period, 
extending from June to September, presents a succession of 
forms and colors, attractive to the eye of a naturalist, and sndi 
as is nowhere else so comprehensively exhibited. As these 
alpine plants owe their existence to the protection afforded by 
winter snow, they naturally include a number of species that 
also flourish at lower elevations. Thus in the accompanying 
list of alpine plants, out of one hundred and forty-two species, 
I note fifty-six as exclusively confined to the alpine exposures. 
The usual characters of alpine plants here, as elsewhere ex- 
hibited, consist in a dwarfed habit of growth, late period of 
flowering and early seeding, the forms being almost exclusively 
perennial. 

Of Fhenogamous plants persisting to the highest elevations, 
reaching to fourteen thousand feet and upwards, we may enur 
merate the following : Thicupi cochleariforme^ Claytonia meff- 
arrhiza^ Trifolium nanum^ Oxytropis arcHoa^ Saxifiraga serpyUir 
folia^ Androaace cAamce/oMm^, ChionophUa Jamesii^ EriMchium 
aretioides^ Pokmonium confertum^ Oentiana frigidc^ ScUix reH- 
cuZato, Lloydia aerotina^ Luzula spicataj Carex incurva, Poa 
arctica. 

Of the thirty-four natural orders represented in the alpine 
flora, thirty-one belong to Phenogamotts plants, the remaining 
three include the higher orders of Cryptogams^ of the latter, 
Ferns are represented by a single species, not exclusively al- 
pine {Cryptogramme acroatichoides B. Br.). Mosses are more 
numerously represented, but are still comparatively rare, while 
Lichens are most abundant and afford the greatest number of 
species. 

Of the Fhenogamous orders twenty-seven belong to Dicoty- 
ledonsy four to Monoootyledona. Of these the natural order, 
CompoaitcRj comprises the largest number of species, viz. : 
twenty-four included in thirteen genera; EanunculacetB has 
five genera, seven species ; CVua/erce, five genera, six species ; 
CaryophyUaceoBj five genera, six species; Leguminoaecej two 
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genera, four species ; Boaotceoe^ four genera, five species ; Saxi- 
fragaceoe^ two genera, nine species ; PrimtdacecB^ two genera, 
four species ; Scrofularidcece^ six genera, ten species ; Gentian- 
acece^ two genera, six species; Sdlicacece^ one genus, four 
species ; ConifereoR^ three genera, five species ; Juncacece^ two 
genera, seven species; Cyperacece^ one genus, four species; 
Oramineoe^ five genera, nine species. Of large families en- 
tirely unrepresented, we may note Solanaceoe^ Ldbiatece, 

The superficial extent of these bare alpine exposures can 
only be approximately estimated in the absence of any exact 
topographical measurements. Taking the main mountain mass 
extending through Colorado Territory, or between 37®, and 
41®, north latitude, including the high offsets and detached 
peaks, rising above eleven thousand feet, it would be safe to 
allow an average width of five miles, for the entire distance, in 
a straight line, representing in round numbers an area of from 
twelve hundred to fifteen hundred square miles. Throughout 
this extent there is great uniformity in the vegetation pre- 
sented, though agreeably varied by the different exposures or 
conditions of soil and moisture. Wherever the peculiar tex- 
ture of the underlying rock has favored disintegration, and the 
accumulation of soil, a rich alpine sward is presented, made up 
of densely matted grasses, carices, and plants adapted to pas- 
turage. Here the mountain sheep, the elk, and the Rocky 
Mountain goat, graze during the summer months, and the 
mountain ptermigan, and dusky grouse feed and rear their 
young. When once made accessible it will, no doubt, affc^ a 
favorite resort for summer pasturage, and may eventually yield 
choice dairy products equalling those of the Swiss Alps, or 
produce delicate fibrous tissues, rivalling those of the looms of 
Cashmere. 

As a sanitary retreat during the summer months it is unex- 
celled in the purity and coolness of its atmosphere, the clear- 
ness of its fiowing streams, and its picturesque extended views. 
There are no elevated points that cannot be safely ascended, 
and dangers from snow avalanches, or land slips, are so rare 
as not to be taken into consideration. Of the high culmi- 
nating points met with in the district under review, including 
Long's peak on the north, and the Sierra Blanca on the south, 
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there is a remarkable uniformily in the average elevation ; all 
as far as accurately measored rising above fourteen thousand 
feet. Gray's peak in the dividing ridge, which is now a point 
of common summer resort, so far carries the palm in an eleva- 
tion of fourteen thousand two hundred and fifty-one feet. Its 
associate peak (which it is most earnestly hoped may bear the 
appropriate name first proposed, of Torreifspeak^ in commem- 
oration of the early botanical labors of our veteran American 
botanist) is thought to be somewhat higher, an interesting 
point which will no doubt be determined by Professor Whitney 
in his present summer's exploration of that region. 

In the accompanying list of alpine plants, published some 
years since in the Transactions of the St. Louis Academy of 
Science, I confine the term '' alpine" to such plants as are met 
with on the bald exposures above the timber line ; by a (*) 
prefixed I would indicate those species which are exclusively 
confined to such localities, while others not thus marked, are 
also met with at lower elevations. 

The subjoined localities, whenever given, denote that the spe- 
cies referred to, is not peculiar to the Rocky Mountains, but is 
also met with in the different regions there named. Eu. indi- 
cating Europe, and Ab. Asia. 

The concluding summary embodies the general results of my 
observations in the Rocky Mountain alpine district. 

ROCKT MoUliTAIN AXPIMK PLA.NTS. 

Banunculacece. — Anemone narcissifiora, L. Eu. As,; A. 
Nuttalliana, D.C. ; Ranunculus Eschscholtzii, Schlecht, Green- 
land ; *R. adoneus, Gray ; Trollius laxus, Salisb. Eu.; Caltha 
leptosepala, D.C. ; Aquilegia brevistyla. Hook. 

CrtLciferae. — Cardamine cordifolia. Gray; Erysimum pumi- 
lum, Nutt; *Draba crassifolia, Graham; D. alpina, L. Eu,; 
♦Smelowskia calycina, C. A. Meyer, As.; Thlaspi cochleari- 
forme, D.C. As, 

Papaveracce, — ♦Papaver alpinum, L. Eu. As. 

Violaceoe. — Viola biflora, L, Eu. As. 

Caryophyllace<B. — Lychnis apetala, L. Eu. As.; ♦Silene 
acaulis, L. Eu. As.; ♦Paronychia pulvinata. Gray; ♦Arena- 
ria arctica, Stev. ; A. Fendleri, Gray ; Cerastium vulgatum, 
var. Behringianum, Gray. 
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Portulacacece. — *Claytonia megarrhiza, Parry; C. Virgin- 
ica, L. var. ; ♦ TaUnam pygmseum, Gray. 

Leguminosece, — Trifoliam dasyphyllam, Ton. & Gr. ; ♦T. 
nanam, Torr. ; ♦T. Parryi, Gray ; ♦Oxytropis arctica, R. Br. 

Bosacece. — Sibbaldia procumbens, L. Eu. As.; ♦Dryas oc- 
topetala, L. Eu. As.; * Geum Bossii, Ser. As. ; Potentilla fas- 
tigiata, Nutt. ; ♦P. nivea, L. As. 

OnagracecR. — Epilobium alpinam, L. Eu. 

OrosulariacecB. — Ribes lacastre, Poir. yar. (R. setosum, 
DougL). 

Crasulacece. — Sedmn rbodanthum, Gray; S. Rhodiola, L. 
Eu. As. 

Saxifragacece. — Saxifraga nivalis, L. Eu.; *S. cemua, L. 
Eu. As; S. controversa, Stemb. Eu.; ♦S. debilis, Eogel. ; 

* S. serpyllifolia, Ph. ; ♦ S. flagellaris, Willd. As. ; S. punc- 
tata, L. Eu. As.; Pamassia fimbriata, Banks; P. parviflora, 

D.a 

JJmbeUifercB. — *Cymoptenis alpinns, Gray; ArchangeMa 
Gmelini, DC. As. 

Ardliacece. — Adoxa moschatellina, L. Eu. As. 

ComposUoe. — * Erigeron uniflorum, L. Eu, As.; E. grandi- 
florom, Hook ; Aster glacialis, Natt. ; A. salsuginosus, Rich- 
ards. As.; Solidago virgaiirea, L. Eu. As.; ♦Aplopappus 
pygmseus, Gray ; *A. Lyallii, Gray; ♦Actinella grandiflora, 
Torr. & Gr. ; A. acaulis, Nutt. var. ; Chaenactis achilleaefolia, 
Hook & Am. ; Artemesia arctica, Less. As. ; * A. scopulo- 
rum. Gray ; Antennaria alpina, Gaertn. Eu. ; Senecio amplec- 
tens, Gray ; S. triangularis, Hook ; ♦ S. Soldanella, Gray ; S. 
Fremontii, Torr. & Gr. ; S. integerrimus, Nutt. ; Arnica an- 
gustifolia, Yohl. As.; A. mollis. Hook ; A. latifolia, Bongard ; 

* Cirsium eriocephalum, Gray ; Troximon glaucum, var. dasy- 
cephalum, Torr. & Gr. ; Macrorhynchus troximoides, Torr. 
&Gr. 

Campanvlacece, — * Campanula uniflora, L. Eu. As.; C. ro- 
tundifolia, L. Eu. As. 

Erkacece. — Vaccinium myrtillus, L. var. As.; V. Cfiespito- 
sum, Michx. As. 

Plantaginacece. — Plantago eriopoda, Torr. 

PrimvdcLcece. — * Androsace chamaejasme, L. Eu. As.; A. sep- 
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tentrionalis, L. Eu.; * Primula angustifolia, Torr; P. Panyi, 
Gray. 

ScrophtdariaceoB. — Pentstemon glaucus, Graham ; * P. Har- 
boorii, Gray ; * Chionophila Jamesii, Benth. ; Mimulus lateus, 
L. var. alpinus ; * Synthyris alpina, Gray ; * Gastilleia brevi- 
flora, Gray; C. pallida, Kunth. var. ; ♦ Pedicularis Parryi, 
Gray; ♦P. Sudetica, Willd. Eu. Aa.; P. Groendlandica, Retz. 

Boraginacece. — *£ritrichium aretioides, D.C. As.; Merten- 
sia alpina, Don. ; M. Sibirica, Don. As. 

ffydrophyUaceoe. — Phacelia sericea, Jacq. 

Polemoniiicece. — Polemoniom pulchellam, Bange. As,; *P. 
confertum, Gray ; * Phlox Hoodii, Richardson ; Gilia congesta, 
Hook. 

G^eTitianaceoe, — Gentiana acuta, Michz. ; *G. barbellata, 
Engel ; G. prostrata, Hsenk. Eu, As. ; * G. frigida, Hsenk. ; 
Eu. As.; G. Parryi, Engel. ; Swertia perennis, L. Eu. As. 

Polygonacece, — Polygonum bistorta, L. Eu. As.; P. vivipa- 
rum, L. Eu, As.; Oxyria digyna, B. Br. Eu. As.; Eriogo- 
num flavum, Nutt. 

SaHicacecB. — *Salix reticulata, L. Eu. As.; ♦S. glauca, L. 
Eu. As.; S. arctica, R. Br. Eu, As.; S. discolor, Willd. Eu. 
As. 

ConiferoR. — Abies Engelmanni, Parry; A. grandis, Lindl. ; 
Pinus aristata, Engl. ; P. flexilis, James ; Juniperus commu- 
nis, L. Eu. As. 

Liliacece. — Zygadenus glaucus, Nutt. As.; ♦Lloydia sero- 
tina, Reich. Eu. As. 

JuncaceoB — ♦Luzula spicata, D.C. Eu. As.; L. parviflora, 
DC. Eu. As.; Juncus Drumondii, Meyer; *Juncus Hallii, 
Engel.; * J. Parryi, Engel; *Juncus triglumis, L. Eu. As.; 
* J. castaneus, Sm. Eu. As. 

Cyperacece. — Carex atrata, L. Eu. As.; G. rigida, Good.; 
♦C, incurva, Lightf. Eu.; *C. filifolia, Nutt. 

Chaminece. — Phleum alpinum, L. Eu. As.; *PoaAndina, 
Nutt. ; P. alpina, L. Eu. As.; * P. arctica, R. Br. ; P.nemoralis, 
L. Eu. As.; Aira cfiespitosa, L., var. arctica, Thurb. Eu.; 
Festuca rubra, L. Eu. As.; F. ovina, L. Eu. As.; Triticum 
strigosum, Less. A^. 

Filices. — Cryptogramme acrostichoides, R. Br. 
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SUMMABY. 

1. The persistent bodies of snow which, in variable amoont 
at different seasons, are ordinarily met with on the higher ele- 
vations of the Rocky Mountains, do not indicate a region above 
the true snow line, but result firom the accumulation of drifted 
snow, filling up recesses and sheltered depressions to such an 
extent that the summer sun is not sufficient to melt the deeper 
portions, which thus remain from year to year, varying in 
amount according to the quantity of fallen snow, or the char- 
acter of the succeeding summer season as to its snow-melting 
power. 

2. Hence, we have no constant accumulation of snow form- 
ing what is known in the European Alps as Nevij the pressure 
of which from the higher elevations gives origin to glaciers. 

3. In the absence of glaciers and heavy snow accumulations 
on mountain slopes, we do not encounter the usual glacier 
phenomena so often referred to in the European Alps, and 
only meet occasionally with avalanches due to accidental local 
causes. 

4. The winter snows being of the light character pertaining 
to the higher regions of the atmosphere, and not subject to 
condensation by alternate thawing and freezing during the 
season of their occurrence, are thus peculiarly liable to the 
transporting movements of the prevailing winds. Hence re- 
sults an accumulation of snow in the upper valleys, by which 
these frozen treasures of winter are safely stored away, to be 
dispensed in fertilizing streams to the lower valleys during the 
dry warm season, when most required for agricultural or min- 
ing purposes. 

5. The peculiar alpine vegetation, attaining to elevations of 
fourteen thousand feet above the sea level, is enabled to main- 
tain its existence by the protection afforded by the ordinary 
winter snows, and, in the more sheltered and deeply covered 
valleys, includes plants which flourish also at much lower ele- 
vations. 

6. The true timber line, everywhere exhibited as a well 
masked horizontal plane, varying in elevation, according to 
t^e degree of latitude or character of exposure, from ten 
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thoasand seven hundred feet to twelve thousand feet above the 
sea, indicates a limit beyond which the minimum winter temp- 
erature is destructive of all exposed phsenogamous vegetation, 
and whatever in the form of tree growth persists above this 
point, can only do so by being deeply buried in the accumula- 
tion of winter snow, which weighing down their branches, 
gives that distorted growth pecular to such localities. 

7. In the accompanying list, comprising one hundred and 
forty-two species of alpine plants, fifty-six are noted as exclu- 
sively alpine, or confined to the bald alpine exposures ; eighty- 
four species, as far as at present known, are peculiar to the 
Bocky Mountain range, or to Northern America, while the re- 
maining fifty-eight species are common to the European or 
Asiatic Alps, or to high northern latitudes of both continents. 



2. On the Sexes of the Plants. By Thomas Mkkhan of 
Germantown, Penn. 

In my paper on " Adnation in Coniferfle," read before you 
last year, I believe I established the fact that the stronger and 
more vigorous the axial or stem growth, the greater was the 
cohesion of the leaves with the stem. By following the same 
line of observation, I have discovered some facts which seem 
to me to afibrd strong probability that similar laws of vigor or 
vitality, govern the production of sexes in plants. 

If we examine Norway spruces when they are in blossom in 
the spring, we find the male fiowers are only borne on the 
weakest shoots. The female fiowers, which ultimately become 
cones, appear only on the most vigorous branches. As the 
trees grow, these strong shoots become weaker by the growth 
of others above shading them, or by the diversion of food to 
other channels, and gradually as these shoots become weaker, 
we find them regularly losing the power of producing female 
fiowers. The law in this instance seems very clear, tJiat with a 
weakened vitality cornea an increased power to hear male flowers^ 
and that only under the highest conditions of vegetative vigor 
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are female flowers produced. The arbor-vitfle, the juniper, the 
pine, in fact all the different genera of coniferse that I have 
been able to examine, exhibit the same phenomena, but the 
larch will afford a particularly interesting illustration. When 
the shoots of the larch have a vigorous elongating power, the 
leaves cohere with the stem, only foliaceous awns give the 
appearance of leaves. But when they lack vigor — lose the 
power of axial elongation — true leaves, without awns, appear 
in verticils, at the base of what with more vigor, might have 
been a shoot. Every one is familiar with these clusters of 
true leaves on the larch. In the matter of sex an examinar 
tion of the tree will show the following grades of vigor. 
First a very vigorous growth on towards maturity, or the age 
necessary to commence the reproductive processes. The re- 
productive age is less vigorous. Taking a branch about to 
bear flowers we find somewhat vigorous side branches, with 
the usual foliaceous awns. The next year we find some of 
the buds along these side branches again branch, but the evi- 
dently weaker buds, make only spurs with leaf verticils. As 
these processes go on year after year, the verticils become 
shaded by the new growths, and get weaker in consequence, 
and thus in the third year some of the strongest of these verti- 
cils commence to bear female flowers, or« a few of the weaker 
male ones. But only in the fourth or flfth year, when vitality 
in the spur is nearly exhausted do male flowers abundantly ap- 
pear. The production of male flowers is the expiring effort of 
life in these larch spurs. They bear male flowers and die. 

What is true of Goniferse seems also to exist in all Monoe- 
cious plants. In the Amentacec^ the male flowers appear with 
the first expansion of the leaf buds in spring, as if they 
were partly formed during the last flickenngs of vegetative 
force the fall before — but a vigorous growth is necessary before 
the female flowers appear. In Gorylua^ Carpinvs^ QaercuSi 
JugUms^ Alnus^ and I believe all the common forms of this 
tribe, we find the female fiowers only on the strongest young 
growths, and only at or near the apex of the first great wave 
of spring growth, as if it were the culmination of a great veg- 
etative effort which produced them instead of the decline as in 
the male. Some of these plants have several distinct waves of 

A.A.A.S.VOL.XVin. 88 
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growth a year, each saccessively decreasing in vigor. In sach 
cases the female flowers appear at the apex of the first and 
strongest wave, and not on the apex of the shoot. This bean- 
tifbl illustration of the connection of vigor and the sexes can 
be seen particularly in some oaks, and in Pinus pungens^ P. 
mUis^ P. rigida and P. inops. In the larch and white spruce 
a second wave will often cause a spur to elongate, late in the 
growing season, and even cause a shoot to push from the apex 
of the young cone. It is essential to note these varying waves 
of vigor, in one season's growth, and that the apex is not 
always the strongest point. In CyperacecB^ particularly, these 
waves vary, and thus we find sometimes the male, sometimes 
the female flowers at the apex of the culm, but always the fe- 
male in the line of greatest vigor. I do not know of any case 
where the sexes are separate on the same plant, that extra 
vigor does not accompany the female, and an evidently weak- 
ened vitality the male parts. 

Mere vigor, however, though it often indicates healthy vital- 
ity, does not always, or alone do so. Finns Mugho seldom 
attains ten feet high, and its shoots are not near as vigorous as 
its near relative Pinus sylvestris^ yet it commences its bearing 
age by a free and vigorous production of female flowers. But 
power of endurance is a test of strong vitality, and an alpine 
form should possess this in a high degree. In its relation to 
sex this form of vitality — endurance — will also have an in- 
terest. The vitality of a tree is always more or less injured 
by transplanting. Sometimes it is so injured that leaves never 
push again, and it always pushes out later than if it had not 
been moved, and just in proportion to the injury to vitality is 
the lateness of pushing. Clearly, then, comparative earliness 
of leafing, is a test of vigorous vitality. Now some Norway 
spruces push forth earlier than others. There is as much as 
two weeks difference between them, and it is remarkable that 
those which push out the earliest — may we not say those 
which have been most favored by the vital force — are the most 
productive of female blossoms. Arboriculturists may make 
good use of this fact. Norway spruces which have a drooping 
habit, are the heaviest cone bearing forms. No way has hith- 
erto been discovered to detect them until they get to a bearing 
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age. Now it will be seen that the earliest leafers will be the 
chief cone bearers or weeping trees. 

It is not so easy to see the influence of vigor or other forms 
of high vitality, as affecting the sexes in hermaphrodite as in 
Monoecious plants, yet here also are some remarkable facts of 
a similar character. In some flowers the forces which govern 
the male and female portions respectively, seem nearly equally 
balanced. Then we have a perfect hermaphrodite — one with 
the stamens and pistils perfect, each part conmiunicating its 
influence to the other — a self-fertilizing flower. In many spe- 
cies, however, we notice a tendency to break up this balance. 
It becomes pistillate or staminate, by the greater development 
of one force or the other. If the force is in the female direc- 
tion, it begins by requiring the pollen from some other flower 
to fertilize itself — if in the male direction, the number of star 
mens or petals is increased, or the one metamorphosed into the 
other. The interest for us in this sexual question is to note 
that just in proportion as the sexes diverge in this manner, in 
just the same proportion does vigor or some other form of 
strong vitality accompany the female in the one case, and 
weakness the male in the other. For instance in the male 
direction, when the stamens have been turned into petals, or 
the number of petals increased, growth is never so strong, and 
life is more endangered. Double camellias, roses, peaches, 
and other things, have to be grafted on single ones in order to 
get them to be more vigorous growing plants, and every florist 
knows how difficult it is to get roots from a double flowered 
cutting than a single one. Sometimes the male principle, 
which loves to exhibit itself in the gay coloring of the petals, 
seems to influence the leaves, and they become colored or vari- 
egated, and then also a weakened vitality follows. Variegated 
box, variegated Euonymus — no variegated plant will grow 
as freely, endure summer's heat or winter's cold so well, as 
its regular green leaved form. On the other hand, when the 
balance goes over in the female direction, we see it character- 
ized by greater vigor than before. It has long been noted that 
pistillate varieties of strawberries are more prolific than the 
hermaphrodites, though this is modified according to the dispo- 
sition of the variety to produce runners, which are really but a 
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form of yiviparoos flower branches, and thus a legitimate part 
of the female system. So in Viola^ where we have many forms 
of female inflaence, from the undergroand stolon, or the creep- 
ing runner which propagates without impregnation, to the apet- 
elous flower which mature seeds on the smallest possible 
quantity of pollen, up to the perfectly formed hermaphrodite 
flower of spring — all regular and gradual grades of one iden- 
tical female principle ; in contrast with species, which through- 
out maintain a near connection with the male principle by 
retaining pure hemaphrodite flowers through their whole stage, 
we find those possessed of the highest types of vitality which 
are evidently the most under the laws of female influence. 

In a brief paper like this it is not my pmpose to introduce 
more of the facts I have observed than will sustain the proba- 
bility of the theory I have advanced. I do not wish to urge it 
for adoption — my object is to excite investigation on the part 
of other observers, who will, I think, find everywhere about 
them, that wherever the reproductive forces are at all in operar 
tion, it is the highest types of vitality only which take on the fe- 
male form. 

I have confined myself to sex in plants, botany being my 
special study. Do the same laws prevail in the Animal World ? 
I think they do, but this being out of my favorite province, 
I dare not discuss it, but content myself with the bare sug- 
gestion. 



8. On the Glands op Cassia and Acacia. By Thomas 
Meehan, of Germantown, Penn. 

Db. Asa Geat, in his Manual of Botany^ describes the 
glands of Cassia m^arUandica^ as being towards the base of the 
petiole. This is true only of the upper leaves. The lower 
ones have the glands varying in position from near the base 
up to the lowest pair of Pinnae. It is clear, from this varying 
position of the gland, that it is not a normal part of the in- 
dividual leaf structure. If it were, it would be always in the 
same position relatively with other parts. It is fair to assume 
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that it is locally an accident. An examination of two allies, 
Oleditschia and G^mnodadus, will afford the clue to its real 
nature. 

Of course all know that the spine in Gleditschia is an abor- 
tive or stunted shoot, and that the true shoot springs when it 
grows at all, from the bud below. There are therefore two 
axial buds in this plant, the one above the other. I have dis- 
covered that a similar system of buds exist in OymnocHadus^ 
only that there are often three in one line, one above another, 
instead of only two as in Gleditschia, These buds rarely push 
forth into shoots, and hence as you know its name Gfymno- 




dadus has been given to it from its naked main branches. It 
is now worthy of note that the upper bud, the one farthest 
removed from the axil, is the largest and best developed ; and 
that when a shoot does come it proceeds from it. Also that 
one or two of the lowest buds are very often below the centre 
of the axis of the petiole. Turning now to Oleditschia^ we 
find that in its two buds, it is the lowest, or what in the other 
case would be the weakest, which in this instance makes the 
shoot. It is the upper bud which makes the spine, and I sup- 
pose has the least developed vitality. Thus we see in these 
two allied plants there is no fixed system in the order of axial 
development ; sometimes it is the upper bud, sometimes the 
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lower, which first pushes into growth. We also see by the 
failure of the upper bud in Gleditschia to elongate — by its deg- 
radation, to a mere spine — that there is a tendency in all these 
axial parts to become assimilated into each other. 

Turning now to Cassia Ifarilandica and Acacia julibrissin^ 
we find that their normal system is to have two buds, one above 
another, as in the other two ; and that the lower bud is nearly 
opposite the centre of the leaf petiole as before mentioned in 
Qymnodadus ; and further that in its early attempts at devel- 
opment it has been absorbed into the tissue of the petiole and 
borne along with it to a certain extent, and finally become an 
unwilling part of the leaf stalk. 

Trifling as this observation of successive series of buds, one 
above another, in Oymnodadus may seem to be, it may have a 
very important bearing on our knowledge of the formation of 
buds. We have been taught that the leaf is the parent of the 
bud, and an axial bud and leaf are always associated. True, 
physiologists have noted other buds proceeding fh)m stems and 
roots ; but they have made short work of this mystery by at 
once deciding that there are two distinct species of buds, and 
they have termed these leafless aflairs adventitious buds ; but 
in the case of Oymnodadus we see that of the three buds, one 
above another, — and the upper one in strong shoots, often an 
inch away firom the lower one, — it is this one the farthest away 
from the leaf axis which is the strongest. If the leaf exerted 
any influence, the bud nearest to the leaf axis should derive the 
most benefit ; and further we see in Cassia that instead of the 
leaf aiding in the development of the bud, it is the direct 
agent in arresting its growth, and is no doubt also the agent in 
causing the lower buds of Oymnocladus to be weaker than the 
upper ones. 

These series of buds have been singularly overlooked by 
botanical observers, and therefore the unmistakable voice in 
which they speak to us has remained unheard. We find them 
in other plants of very different families. Particularly do they 
exist in the most vigorous forms of Carya, and Juglans, 
amongst the Corylaceoe; and in £ricaceous plants we find them 
in Itea virginica, in which the upper bud the farthest away fjrom 
the leaf axis is very fully developed. 
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I hesitate about offering theories so revolutionary as those 
to which my observations seem occasionally to tend. I hope 
the reader will not dwell so much on my explanations of the 
facts as on the facts themselves. Examine them and possibly 
a much better theory than my own may be evolved. I chiefly 
desire to call attention to facts which seem to have been over- 
looked. 

KoTB — Since this paper was read Br. Geo. Engelmann has pointed out to the an- 
tlior another remarkable instance In Cormu panieulata L'Her. There are two buds 
here; the upper one pushes into growth the same season, and continues the axil- 
lary growth of the plants; the lower one, next to the axil of the leaf, remains alive 
ft>r many years, but rarely grows more than enough to always keep it Just 
above the level of the bark. Also Br. E. points out that there are three buds, one 
above another, in Lonicera Xyloateum Juss. (I And there are^r«, but two do not get 
through the bark) but the order of vigor is inversed, the strongest being near the 
base of the leaf. This observation does not affect the deduction that the leaf has 
no influence in the production of the buds, — that the leaf is a coincidence with, and 
not a cause of the bud or hudSj—hnt this remarkable exception shows that the 
whole subject is worth deeper research than bestowed by the author in his brief 
paper. • 



IV. ETHNOLOGY. 
1. On the Distribution of the Native Tribes op Alaska 

ANB THE ABJAOBNT TERRITORY. By W. H. DaLL, of 

Washington, D. C. 

The principal authorities on the Ethnology and Philology 
of Eussian America, are the works of Count Admiral von 
Wrangell, and H. J. Holmberg. The former, republished 
from the Memoirs of the Imperial Academy of Science, edited 
by Baer, and with additions and an appendix by Baer and 
Helmersen, was issued at St. Petersburg in 1839. Holmberg's 
work first appeared in the Acts of the Finrdand Scientific 
Society, and was published at Helsingfors, under the title of 
an Ethnographic sketch of the People of Russian America, in 
1855. This embodied all the additions that had been made by 
the few explorers since WrangeU's time, and fairly represents 
the knowledge possessed by ethnologists, in regard to the in- 
habitants of Alaska, up to a very recent date. From personal 
observation, during several years exploration in that country, 
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I am enabled to correct many errors, and add to the stock of 
knowledge of the subject, much new information in regard to 
their distribution ; the more important part of which is em- 
bodied in this paper. Holmberg* divided the native inhabi- 
tants of Alaska into four groups: — 1. Thlinkets (Thlinkil- 
then) ; 2. Koniags (Konjagen) ; 8. Tnaina (Thnaina), or Ken- 
aians ; 4. Aleutians (Aleuten) ; and these groups again into 
others equivalent to their tribal. organizations, as follows : — 

Group first into: — 1. True Thlinkets^ extending fh>m the 
Nasse River to Mt. St. Elias ; and the 2. UgaUmize^ whom he 
describes as visiting Kayak island in the winter, and spending 
their summers on the banks of the Copper River. 

Group second: — 1. True Koniags^ or inhabitants of tiie 
island of Koniag, or Kadiak; 2. TchugaJtchea^ from Prince 
William Sound, along the south shore of the peninsula of 
Aliaska, except the east shore of Cook's inlet ; 3. Aglegmutes^ 
inhabiting the north side of Aliaska, part of Bristol Bay, and 
the mouth of the river Nushergak ; 4. KuUaigmutes^ between 
the last, on the coast ; and 5. Ku8k6kwigmvle8j on the Kus- 
koquin River, from Fort Kolmakoff to the sea, and also on the 
island of Nunivak ; followed on the coast by the 6. AgvUmvtes; 
7. Magemutes; 8. KwikJUiuagmutea ; and 9. Kwichpagmutes^ 
which occupy the delta of the Yukon River, followed by the 10. 
TschnagmtUes, in Norton Sound, and 11. Pastolikmutes, at the 
mouth of the Pastolik River ; the 12. ArUygmuteSy on Golofriin 
Bay, north of Norton Sound, and lastly the 13. Mauegmutes, 
between Norton Sound and Kotzebue Sound. 

Group third : — 1. Yunnakakotanay on the Nulato and Koy- 
oukuk Rivers ; 2. Tunnachotanay on the Yukon River ; 3. 
InMUkSy on the Yukon, south of Nulato; 4. YugdnuUSy on 
the lower Yukon, in the Shageluk slough and mouth of the 
"Innoko" River; 5. InkoliklucUenyheyond the"Innoko;" 6. 
Tlegonkotanay on the river "Tlegon ;" 7. The true Ketjkaians or 
Tnainay on the peninsula of Kenai ; 8. Kolahinay on the upper 
Kuskoquim and Atna Rivers. 

Group fourth : — 1. UhalashJcanSy or Fox Island Aleutians ; 
2. AtkanSy or Andreanoff islanders. 

♦ The difflenlty of obtaining aooesB to both the above mentioned works is mj 
excuse for qaotation. 
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This classification needs very e}d;ensive revision. Holmberg 
was misled, partly by the exaggerated and unreliable reports 
of Zagoskin, the first Russian explorer of the Yukon Valley. 
It must also be remembered that all his information was de- 
rived at second hand, and much of it from publications by un- 
scientific persons and ignorant traders. 

The inhabitants of Alaska and the adjacent territories may 
be divided into two great groups ; those who belong to the 
aboriginal American stock, whom we are accustomed to desig- 
nate as Indians; and those scattered along our northern 
coasts from Greenland to Berings Strait, and for whom we 
have as yet no general term, but who have been called Eskimo, 
Aleutians ; and on the Asiatic side of the straits, Tuski and 
sedentary Chukchees. This last great group I propose to 
designate as Orarians;* a single term being needed in gen- 
eralization, and none of those in use being sufficiently compre- 
hensive for the purpose. The Orarians are distinguished by 

(1) their language of which the dialects in construction and 
etymolo^ bear a strong resemblance to one another, through- 
out the group, and differ firom the Indian dialects, as strongly ; 

(2) by their distribution ; always on islands, or confined to the 
sea coasts ; sometimes entering the mouths of large rivers, as 
the Yukon, but only ascending them for a short distance, and 
as a rule, avoiding the wooded country ; (3) by their habits, 
more maritime and adventurous than the Indians ; following, 
hunting and killing, not only the small seal, but also the sea 
lion, and walrus. Even the great Arctic bowhead whale, fre- 
quently succumbs to their preserving efforts ; and the harpoon 
now universally used by whalers, having superseded the old 
fashioned article, is a copy in steel of the bone and slate 
weapon which the Eskimo have used for centuries ; (4) by 
their physical characteristics, a light fresh yellow complexion, 
fine color, broad build ; and especially the largely developed 
coronal ridge, and an obliquity of the arch of the zygoma. I 
am informed by that eminent craniologist. Dr. Otis of the U. 
S. Army Medical Museum, in Washington, who has handled 
perhaps as many aboriginal American crania as any living 
ethnologist, that the cranial peculiarities, referred to above, 

*From orct a coast, in allusion to their inyaziable.coastwifle distribution. 
A. A. A. S. VOL. XVm. Si 
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are common to all Orarian akuUs, and fonn a ready means of 
distinguishing them, being only shared by the northern monnd- 
builders, who were, perhaps their ancestors. 

They are confined to the coasts and islands of northern 
America, Greenland and the extreme north-eastern portion of 
eastern Siberia, near Bering Strait. 

They are known to the northern Tinneh or Chippewyan In- 
dians as '' Uskeem6," or sorcerers, and a belief exists among 
all the Indian tribes acquainted with them, that they are pos- 
sessed of sapematoral powers. This belief is not nnnatural, 
when we compare the stupid and indolent Indian, gorging or 
starving by turns, with the agile Eskimo in his kyak, seldom, 
at least in the more favored regions of Alaska, without a 
reserve supply of food in his storehouse ; and as much at home 
on the waves as a seabird. 

The tribes of this group in north-west America and north- 
east Siberia, may be divided into three lesser groups. 

1. Eskimo. 

2. Aleutians. 

3. Tuski. 

The Eskimo tribes are scattered along the Arctic coast 
very sparingly. They call themselves Innuit and take for a 
more specific designation the name of the locality where they 
live, as UnalaMik^ changing the termination so as to make an 
adjective UnalakligmvJte^ applicable to a single man or woman, 
and of which the plural is UnaJiaJdigmunes, They have also 
tribal names, indicating the inhabitants of a certain tract of 
country. The tribal lines are very faint and they intermarry 
without scruple ; although there does not seem to be any sys- 
tem like that of the totems, among the whole of this group. 
South of Pt. Barrow the following tribes may be distinguished : 

1. Kaviagmvtes. — They inhabit the peninsula between Kot- 
zebue and Norton Sounds, which is called by them Kaviiak. 

2. Okeeogmutes. — ^These inhabit the islands of Bering Strait, 
and perhaps St. Lawrence. 

3. MoMemvJtes. — Inhabiting the neck of land between Kot- 
zebue Sound and Norton Bay ; their chief village is Attenmute 
on the divide. 

4. UnaMgmvJteB. — Comprises those liviii^ on the shores of 
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Norton Sound, and south on the coast to the Tukon-mouth ; 
comprising beside others, Holmberg's Nos. 10 and 11 of his 
second group. The names which he uses are mere local desig- 
nations, hardly subtribal in value. 

5. KmkhpdgmuteSy or Ekogmvtea, — Inhabit the delta of the 
Yukon and are found some fifty miles into the interior where 
the delta begins. They are called Premorska by the Russians, 
meaning '' people by the sea," and take their name from one 
of the mouths of the Yukon, which is called the Kwikhp^. 
Those living on the Kusilvak mouth are known as Kusilvdg- 
mutes. 

6. MdgemtUes, — Or " mink people," live south-west of the 
Yukon mouth between it and Cape Romanzoff. The previ- 
ously mentioned tribes all use the labrets, one on each side, 
just below the comer of the mouth. The men only wear 
them. In this tribe, however, they have a different fashion. 
The women wear two " C" shaped ivory hooks, with the points 
projecting in firont, under the middle of the lower lip. They 
get their name from the abundance of mink in the region they 
inhabit, almost to the exclusion of other f\ir animals. 

7. AgtUmiUes. — Occupjring the region between the Kusko- 
quim and Cape Romanzoff, and the island of Nunivak. They 
are a very shameless and filthy race ; nor so ingenious as those 
on either side of them, except in the matter of carving ivory, 
in which they excel. 

8. Kuakwogmvtes. — Inhabit the. mouth and lower banks of 
the Kuskoquim River. 

9. Nushergagmutes. — Inhabit the shores of Bristol Bay, near 
the mouth of the Nushergak River. 

10. OglemiUes, — Are found on the east shore of Bristol Bay, 
south of the last and on the north coast of Aliaska peninsula. 

11. KoniagmtUes. — Occupy the south coast of Aliaska east- 
ward to the sixtieth degree of latitude, the island of Kadidk 
(originally Koniag) and the adjacent small islands of the 
Koniag or Kadidk archipelago. 

12. Chugachigmutes, — Are found on the south and east 
shore of the Kenai peninsula and the shores of Chugach Bay, 
better known as Prince William Sound. 

13. UgoXakmutes. — The existence of an Eskimo tribe in 
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the vicinity of Mount St. Elias, is demonstrated by a vocab- 
ulary fbmished Mr. Gibbs, by the officers of the Russian 
American Company. Kayak, the name of a small island, said 
to be occupied by an Indian tribe daring the winter, is evi- 
dently of Eskimo extraction. This is the last Eskimo tribe, 
going south on the north-west coast. 

The Aleutians may be divided into two groups, which, how- 
ever, from the deportation of Aleuts by the B. A. Co., and 
their arbitrary establishment of villages at one time, and as 
arbitrary destruction of them at another, — have lost much of 
their distinctness. They are the 

1. UncUashkans, — ^Who inhabit the Fox Islands ; principally 
on Unimak, Unal&shka, Umnak and Akhun, and 

2. Atkana, — Or Andreanoff islanders, who inhabit the islands 
of Atka, Amlia, Adik and Attu. 

Finally the last group of this race, which has been graphi- 
cally described by Lieut. Hooper, R. N., and who have been 
described as sedentary or fishing Chukchees (which name has a 
numerous variety of spelling) Chukluk, or NamoUo, and Tuski. 
Their language at once distinguishes them from the true Chuk- 
chee, or '' deer-men," as they call themselves, and their physi- 
ognomy is different. They differ from Eskimo (with whom 
they have been at war since 1630, and perhaps for as many 
more centuries) in not wearing labrets, and in many respects 
relating to their mode of life. Their generic name is YtUy evi- 
dently derived from Innuit "people." Those on Seniavine 
strait call themselves Chuklukmvtea^ but they are so few in 
number and occupy such a small extent of territory, that it is 
hardly worth while to do more than adopt the general name of 

1. Tu$ki, — Proposed by Lieut. Hooper. They extend along 
the shores of the country between Anadyr Gulf and Kulu- 
chinskaia Bay and Bering Strait. 

The Indians are not so easy to group, without more division 
than perhaps is justified, by our present state of knowledge of 
some of the tribes. So far as Alaska and the adjacent Ameri- 
can territories are concerned, the Thlinkets from one very dis- 
tinct group, and many points of resemblance seem to suggest 
that the Ingaliks and Koyukuns, as well as the Atna or Cop- 
per River tribes, and the Indians of Kenai should form, with a 
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subdivisioB for the Kutchin tribes, another ; while the Haidahs 
of the extreme southern part of the Alexander Archipelago, 
belong with those of Queen Charlotte's Islands to still another 
group. There are several extrarlimital groups requiring notice. 
Commencing at the south on the coast, we have south of our 
boundary on the mainland, the Ghimsyans; and on Queen Char- 
lotte's Islands the Haidahs, who extend across Dixon's en- 
trance, and have several villages on our islands. They are 
more properly 

1. KygdnL — And are only found at this point in our territory. 

We next find the Thlinkets inhabiting the Alexander Archi- 
pelago and adjacent shores of the mainland. Kwan with 
them signifies '^people," and is affixed to the local designar 
tion. Of some of the tribes in this and the next group, we 
only know the Russian names which may or may not, be those 
by which they call themselves. The Thlinkets may be divided 
as 'follows : 

1. Sitkorkwan, — Occupying Baranoff, and the adjacent 
islands of the archipelago and having their principal village 
near Sitka. 

2. Stdkhin-kioan, — Or Indians inhabiting the mouth of the 
StiMne River and the adjacent coast. 

3. " Takutats" — Or residents in the vicinity of Bering or 
Yakutat Bay. They are allied by their language to the two 
previously mentioned tribes, but little is known of them. 

We now reach the southernmost point of appearance on the 
coast of the western Tinn^h tribes, which may be separated 
into three general groups; those calling themselves Kutchin 
(people), and those who designate themselves Tinneh or Tahna^ 
with the same significance. The first of the Tinneh tribes be- 
longs to the latter group, using the word tdhna^ as do most 
of those near the coast, while those on the upper Yukon 
and interior are "Kutchin," while those still farther east on 
the Mackenzie are Tinneh, In this general list I shall regard 
them as a whole. 

1. ^^UgcUense" — This is the name used by Russian and 
German authorities to designate a tribe that has its winter 
quarters on Kayak Island, and resides on the lower banks of 
the Atna or Copper River in summer. These are referred to 
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the Thlinket family by Holmberg, but perhaps belong rather 
with the Tinneh. 

2. ^^Ah4end" — Living on the upper Copper River, not to be 
confounded with the Kutchin tribes of the upper Yukon who 
visit the head-waters of the Copper River to trade, and are 
called Kokhina or Kolshina by the Russians ; who apply that 
term to many tribes of whom they know very little. 

8. " jfiTcnat-^end." — Thnaina on Tenahna of Holmberg, in- 
habit the shores of Cook's inlet and the country, to the Alas- 
kan Mountains. 

4. Kaiyuhrkhotana, — (Lowlanders) or Ingaliks. This great 
tribe speaks essentially one dialect and includes Nos. 3, 4, 5, 
6, 7 and 8 of Holmberg's third group of Thnaina. The ^'In- 
noko" River is really the Shagcluk, and the "Tlegon" "Tat- 
sheg-no,'' etc., are mythical streams, running through a countiy 
which has never been penetrated by white men or Russian 
Creoles, and reported by the Indians to be nearly destitute of 
fish and game, and hence uninhabited. 

5. Koyukokkotdnd, — Or Koyukun Indians, inhabit the re- 
gion north of the great bend of the Yukon on the Koyukuk 
River. The Nulato Indians, whose language bore more resem- 
blance to the Koyukun dialect than any other Ingalik branch, 
were exterminated by the Koyukuns in 1851, with the excep- 
tion of a few children. 

6. UndkJiotdna. — (Far off people) inhabit the banks of the 
Yukon above Eoyoukuk Mountain, to the mouth of the Tanar 
nah River. There are very few villages, and these, as well as 
all the Kutchin and Ingalik tribes, living on the river, call 
themselves YukonikhotaTia or "men of the Yukon." 

7. Kutchd kiUchin (Loucheux). — Inhabit the country near 
the junction of the Rat River and the Yukon. These and the 
following tribes are migratory, following the deer and pitching 
their lodges anywhere ; while the Ingaliks and Koyukuns have 
well built permanent houses, which they occupy at least for a 
part of the year. 

8. Tenan kvJtchin. — (Mountain men) are found on the banks 
of the Tananah River, which has never been explored by white 
men. They come, however, to trade with both Russians and 
Hudson Bay traders at NuklakahyeU 
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9. Natcke ktUchin, — (Wanderers) north of the Yukon and 
Rat Rivers about longitude 144° W. 

10. Vunta kutchin. — (Loucheux) on the Rat River farther 
up, in the H. B. Territory. 

11. Tuk-kuth kutchin. — (Rat people) occupy the headwaters 
of the Rat River ; on the other hand going up the Yukon. 

12. Han kutchin. — (Wood people) or Gens de Bois, about 
two hundred miles above Fort Yukon on the Yukon and be- 
yond them. 

18. IkUcJion Kutchin. — (Crow people) or Gens des Foux on 
the Yukon, nearly to the site of Fort Selkirk, at the junction 
of the Lewis River and the Felly, and finally we find at the 
headwaters of the Yukon the 

14. Abborto^endh. — Or Nehaunee Indians, who are found 
along the coast range, and parallel with it ; and by crossing 
the same we reach our starting point again among the Stikine 
Thlinkets. 

The limits of this paper will not admit of an elaborate de- 
scription of the several tribes, but a few remarks of a general 
nature may not be entirely out of place. The accompanying 
vocabularies will show more clearly than pages of argument 
or explanation, the relations which exist between the several 
dialects. These are only given as specimens for comparison, 
the bulk of material being in preparation for publication. 

It is to be hoped that measures will be taken at once to pre- 
vent the utter loss of the traditions and ancient religious rites 
of the -Aleuts and Koniagemutes. These rites were put down 
eighty years ago, by the Russian missionaries, almost literally 
with fire and sword. At the same moment that the traders 
deprived them of their liberty, in order that they might be 
forced to hunt flir animals for the benefit of the Russians, the 
priests fired with ardor, and the hopes of promotion in the 
church, burned their idols, and destroyed, wherever possible, 
the gorgeous paraphernalia in which the mysterious rites of 
their ancient religion were performed. These rites were 
secretly kept up for forty years, but were at last totally sup- 
pressed, and the only relics remaining are a few decayed, yet 
still curious masks, which were placed with the dead, whom the 
piiests did not attempt to disturb. Had they preserved an ac- 
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count of the religion they destroyed we might forgive them 
their iconoclasm, but their records only contained Ijing reports 
of immense numbers of converts to Christianity; which re- 
ports were so astounding in their exaggeration that, says the 
Russian historian, Tikhmenief, ^'they were received with 
doubt," at St. Petersburg. 

The only means by which any part of these traditions can 
be preserved, is by obtaining them from a few old men who 
witnessed in their youth the ceremonies referred to, and have 
not to this day become emancipated from the attendant super- 
stitions. These old men will soon pass away, and if no steps 
are taken to prevent it, all knowledge of the ancient Aleutian 
customs with them. My own opportunities did not allow of 
my obtaining the desired information. 

The Eskimo of Norton Sound, the Yukon-mouth and Eot- 
zebue Sound are fine athletic men, many of them six feet 
in height, and averaging, I should say, as tall as any civilized 
race. They are as ingenious, as honest and industrious as the 
majority of white men, and very far superior to any Indian tribe 
in the territory. They are great eaters, but no more so than 
the Indians, and they are by far the cleaner of the two. They 
fall victims to the use of liquor whenever they can obtain it, 
which is the only obstacle between them and the hope of ulti- 
mate civilization. At no point does there seem to be any in- 
-4 tercourse between the Eskimo and Indians except in the way 
of trade. They never intermarry, and in trading, use a sort 
of jargon, neither Indian nor Eskimo. Few words, as far as 
I have been able to find out, are common to the two languages, 
except kweenyuk (pipe), which the Indians borrowed from the 
Eskimo, who were the first to obtain and use tobacco, and 
tenekuh (moose) , an Indian word which is used by the Eskimo, 
as they have no moose and hence no word for it in their 
country ; and a few evidently similar cases. 

The Indians who live in the more mountainous regions, and 
hunt the deer, are active, courageous and prone to war. Those 
on the other hand who live on the moose, which frequents the 
lowlands, are comparatively peaceful ; while those on the lower 
Yukon whose diet is almost exclusively fish> are the lowest, 
most degraded and filthy of all. 
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A belief in shamaniBin ifsr icommon to all, both Indian and 
Eskimo. The aystlBm of totems, according to Mr. Ross, exists 
among' the Eutchin tribes, but is falling into disuse. I found 
no traces of it among the Ingaliks or Eoyukuns. It is in 
vogue among the Thlinkets, who call it ^Hux-pa4e'%itk" and 
distinguish four totems, the crow, wolf, whale and eagle. The 
Eutchin or Loucheux distinguish only three. The Eskimo 
have nothing of the kind. Many of the tribes enumerated 
are too Httle known to say whether they have adopted it or 
not. Few of tiiem are dangerous, fewer still openly hostile 
to the whites. 

In the following vocabularies a number of words have been 
chosen which would be suited for purposes of comparison. Of 
the thirty-four tribes enumerated we have vocabularies of only 
twenty-two and many of these are extremely limited. Of 
these I am indebted to Mr. George Gibbs for the use of five, 
from his unrivalled collection, viz. : the TdkutcUj Nuskergag- 
mutej St. Ellas ^kimo, Kygani and Stakhinkwan, 

The Katcha kutchin was obtained by the late lamented Rob- 
ert Eennicott. 

The Tenan hdckin^ UnaJckotana^ Kaiyuhkhotana^ Tukoni- 
khotanaj Ekogmvtey UnaUgmute^ MoMemvJte and Komagemute^ 
were obtained by myself. 

The remainder are from the well known works of Baer, Lisi- 
ansky, Wrangell, Saur and Egede. 



2. On the Botocudos of Brazil. By Chables F. Habtt, 
of Ithaca, N. Y. 

(▲B8TSACT.) 

He spoke of the origin of the name Botocudos, described 
them of middling height, stout in body, but thin and generally 
slight in the extremities. They have about the color of light 
mulattoes ; eyes generally dark, rarely blue, cheek bones not 
very prominent. They generally pull out the beard but some 
have a sparce growth of hair on the chin. The adults gener- 
ally wear in the perforated ears and lips pieces of wood, shaped 
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like a bottle cork. The oustom Ib not kept np at present, few . 
of the children haying the perforations. The pressure of this 
plug generally causes the loss of the ih>nt teeth, which are 
pushed out of place. Mr. Hartt gave a graphic description of 
the appearance of the deformity thus caused. 

These Indians sometimes paint not only the face but the 
body with annatto and a black yegetable dye, but they usually 
go naked and unpainted. They carry long bows, often exceed- 
ingly hard'to bend, using arrows of different kinds for hunting 
and in war. Before the settlement of America by the whites 
they used cutting instruments of stone. The several tribes 
are governed by chiefs chosen for their strength and stature. 
Professor Hartt described their food as consisting of wild ani- 
mals, including monkeys, lizards, and snakes ; they are very 
fond of the larvae of beetles found in decayed wood. Bananas, 
honey, ants, etc., are also used for food. They obtain fire 
by twirling a dry stick in a small hollow in another. Thej 
have only one wife, who is treated very brutally. The women 
are almost slaves, carrying the burdens and doing all the hard 
work. Children are generally treated kindly. Their religious 
ideas are very dubious, they believe in bad spirits, great and 
small ; but they appeal* to have no idea of a good God. The 
dead are buried in the wigwam or near it, and the camp is gen- 
erally deserted. The corpse is buried horizontally without 
anything in the 'grave with it, and a fire is sometimes built 
over the grave to keep off bad spirits. They are strongly 
suspected of cannibalism. They have very monotonous dances 
of which they are very fond. The Brazilians have in past 
years hunted them like dogs and this destruction, with the ef- 
fects of rum, has almost exterminated the race. The Botocudos 
are now confined to the forest between the Rio Doce and the 
Rio Pardo. They resist civilization and Christianity, and are 
sunk in the lowest barbarism. 

The speaker gave a minute description of their language, 
which is simple and almost without inflections. 
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51. On the Resolution of Microscopic Test Objects. By 

A. M. Edwards. 

52. Some Obsertations, at Montreal, on the Solar Ek^LiPSE 

WITH Photographs taeen by William Notman. By 
Charles Smallwood. 

53. Some Remarks on an Opaque Illuminator, applied to 

AN Immersion Objective, and an Immersion Objec- 
tive op Long Focal Distance. By E. Bicknell. 
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B. NATURAL HISTORY. 

1. On the Abrowheads of the Americak Indians and 

Aborigines. Illustrated by specimens. By John A. 
Warder. 

2. Mammarian Types. By Sahuel J. Wallace. 

8. Description op a New Species op Chiton. By Wil- 
liam Prescott. 

4. On the Non-Fossiliferous Rocks op New England. 

By N. T. True. 

5. Exhibition of a few interesting implements collected 

BY R. W. Haskins from Indian graves on the 

BANKS OF the OhIO, WITH SPECIAL REFERENCE TO THE 

boring of holes in stone implements. by f. w. 
Putnam. 

6. On Embryonic Characters in American Salamanders. 

By E. D. CoPB. 

7. On two new. genera of Extinct Cetacea. By E. D. 

Cope. 

8. Experiments in connection with the case of Mon. 

Groux of Hamburg. By J. Baxter Upham. 

9. On the Deposits of Fluviatile and Lacustrine Gold. 

* Henry Wurtz. 

* 

10. On the Discovery of the Ammonoosuc Gold Field. 
• By Henry Wurtz. 

11. Notes on the Geology of Hoboken. By Henry 

Wurtz. 

12. Studies of the Red Sandstones of New Jersey. By 

Henry Wurtz. 

18. Note upon the Paljeotrochis. By Henry Wurtz. 

14. On the Early Stages of Brachiopods. By E. S. 

Morse. 

15. Popular Science. By Mrs. Lincoln Phelps. 
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16. The Ajoconoosuc Gold Field in New Hampshibe uxd 

Vebmont. By C. H. Hitchcock. 

17. Indian Migrations. In Foub Sections. Sec. 1. Pmrsi- 

CAL Geography of North Aherica, with reference 
TO Natural Highways; and Means of Natural 
Subsistence afforded by its Areas. Sec. 2. Agri- 
cultural Subsistence, and the character axd ex- 
tent OF Indian Agriculture. Sec. 3. Migrations 
OF Roving and partially Village Indians ; deduced 
from languages, traditions, and known migrations. 
Sec. 4. Migration of Village Indians ; as deduced 
from the same sources. by l. h. morgan. 

18. Compression as an agent in geological metamorfhism, 

WITH illustrations OF DISTORTED PEBBLES IN CON- 
GLOMERATES. By George L. Vose. 

19. On the Plumage of Terns. By Miss Grace Anna 

Lewis. 

20. Thoughts on the S^ucture of the Animal Kingdom. 

By Miss Grace Anna Lewis. 

21. On a Remarkable Locality of Vertebrate Remains 

IN THE Tertiary of Nebraska. By O. C. Marsh. 

22. Discovery of the Remains of the Horse among the 

Ancient Ruins of Central America. By O. C. 
Marsh. 

23. On some New Mosasauroid Reptiles from ihe Green- 

sand OF New Jersey. By O. C. Marsh. 

24. On the Metamorphosis of Siredon into Amblystoma. 

By O. C. Marsh. 

25. On the Geology of Venezuela. By R. P. Stevens. 

26. Observations on a New Genus op Polyzoa. By 

Alpheus Hyatt. 

27. Rebl/ilrks on Trichina spiralis. By^ J. Baker 

Edwards. 

28. On the Accent of Speech and its relation to the 

vital functions. By J. Stanley Grimes. 
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29. On the Homologies of the PAUEomKiD^. By Alex- 
ander E. R. Agassiz. 

80. Notice of Fossils from Table Mountain, California. 
By W. P. Blake. 

31. Summary of Results of a Late Geological Reconnois- 
SANCE OF Louisiana. By E. N. Hilgard. 

82. Hints on the Stratigrafht of Paleozoic Rocks of 

Vermont. By J. B. Perrt. 

83. Physical Geography among the Aborigines of North 

America. By N. T. True. 

84. On Surface Changes in Maine indicating the length 

OF TIME since THE CLOSE OF THE QUATERNARY PeRIOD. 

By N. T. True. 

85. On Nobite or Labradorite Rock. By T. Sterry 

Hunt. 

86. On the Geology of North-eastern America. By T. 

Sterry Hunt. 

37. On Ancient Erosions in the St. Lawrence Valley. 

By T. Sterry Hunt. 

38. Post-Glacial Fossils at Hoboken, N. J. By R. P. 

Stevens. 

39. On the Geology and Physical Geography of a part 

OF THE coast OF Maine. By John Johnston. 

40. On the Distribution of Coal, Iron, and the Precious 

Metals, in China. By Albert S. Bickmore. 

41. On the Arctic Ocean, the Movements of its Waters, 

Tributaries, and the Approach of the Gulf 
Stream. By W. W. Wheilden. 

42. On Certain Peculiarities in the Distribution op Mar- 

ine Life on the Sea-bottom of the Bay op Fundy. 
By A. E. Verwll. 

43. On the Relations op the Geology of Ohio to that 

OF THE ADJOINING STATES. By J. S. NeWBERRY. 
A.A.A.S.VOL.XVin. 86 
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44. On the Flora, and Fauna of thb Fbesh Water Tee- 

TIABIE8 OF Oregon and Idaho. By J. S. Newberry. 

45. On THE Tebtiart Flora of Alaska. By J. S. New- 

berry. 

46. On THE Rarttan Clays of New Jersey. By J. S. 

Newberry. 

47. On New Species of Fishes obtained by Prof. Qrton 

IN THE valleys OF THB MaRONON AND NaTO. By 

Theodore Gill. 

48. On the Systematic Relations of the Laxarckian 

Pteroceile. By Theodore Gill. 

49. Preliminart Notice of the T^AMTtT^T.TUR a vf!TTT Anm of 

the Upper Helderbero, Hahilton, and Chemung 
Groups. By James Hall. 

50. Results of a late Geological Reconnoissance in 

Louisiana. By E. W. Hilgard. 

51. Note on a Phase in the Reproduciion of a Confer- 

Vaceous Alga belonging to the genus CEdogonium. 
By A. M. Edwards. 

52. On some points in the Geology op North Carolina. 

By W. C. Kerr. 

53. On the Physical Geography and Geology of Brazil. 

Charles F. Hartt. 

54. On Brazilian Drift. By Charles F. Hartt. 

55. The Homologies and General Structural Relations 

op the Polyzoa. By Alpheus Hyatt. 

56. Notice op some New Fossil Plants from Gaspe, dis- 

covered by Prof J. W. Dawson. By J. S. New- 

BERRY. 

57. On the Dtestone Fossil Iron Ore in Pennsylvania. 

By J. P. Kimball. 

58. Observations on the Languages op South America 

and the Classification op the Indlan Nations 
thereof. By Porter C. Bliss. 
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59. A COKJECTCRAL EXFLANATION OF THE USES OF THE EM- 

BANKMENTS OF THE Mound Buildebs. By L. H. 
Morgan. 

60. On the Origin of Muscular and Mental Force. By 

George F. Barker. 

61. The Ainos, or Hairy Men of Tesso,* Saghalien, and 

THE KuRiLE Islands. By A. S. Bickmore. 

62. On the Classification of the Diurnal Lepidoftera. 

By S. H. ScuDDER. 

63. The Morphology of the Abdominal Appendages of 

Butterflies. By S. H. Scudder. 

64. The Value of the Characters drawn from the ex- 

ternal Armature of Lepidopterous Laryje. By 
S. H. Scudder. 

65. The Internal Anatomy of Danais Erippus. By S. H. 

Scudder. 

66. A Classification op the Eggs op Butterflies. By 

S. H. Scudder. 

67. Evidences of high antiquity in the Ej(ekkenm<edden 

Deposits of New England. By E. S. Morse. 

68. On Laws op Trade. By E. B. Elliot. 

69. On the Productiveness of the Human Race. By J. F. 

HOLTON. 

70. On Cleaning Guanos so as to obtain the Microscopic 

Organisms in them. By A. M. Edwards. 

71. Some -Remarks on the Infusorial Deposits of North 

America. By A. M. Edwards. 

72. Comparison of the Coral Faunae of the Atlantic and 

Pacific Coasts of the Isthmus of Darien, as bearing 
ON the supposed former connection between the 
TWO Oceans. By A. E. Verrill. 
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EXECUTIVE PROCEEDINGS 



OF 



THE SALEM MEETING, 1869 



mSTOKY OF THE MEETING. 

The Eighteenth Meeting of the American Association for 
' the Advancement of Science was held at Salem, Mass., com- 
mencing on Wednesday, August 18, and continuing to Tues- 
day Evening, August 24. 

Two hundred and forty-four names are registered in the 
book by members who attended this meeting. One hundred 
and fifty new members were chosen, of whom one hundred and 
eleven have already signified their acceptance by paying the 
annual assessment, and, when practicable, signing the consti- 
tution. One hundred and sixty-two papers were presented, 
many of which were read, and some of them discussed at 
length. 

The sessions of the Association were held in the County 
Court Houses, and in the Vestry and Church of the Tabernacle 
Society. At about 10 o'clock a.m. on Wednesday the members 
were called to order by Dr. B. A. Grould, the retiring Presi- 
dent, who, in a few appropriate words, introduced the President 
elect. Col. J. W. Foster. At the request of the Standing 
Committee, prayer was offered by Rev. E. S. Atwood. 

The chairman of the Local Committee, Dr. Henry Wheat- 
land, then introduced the Association to His Honor Mayor 
Cogswell, of Salem, speaking as follows : — 

(286) 
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Mr. Matob : — Allow me to introduce to you the President 
and members of the American Association for the Advance- 
ment of Science. 

This Association dates its origin to 1840, when, on the 2d of 
April of that year, some eighteen gentlemen, principally con- 
nected with the several State Geological Surveys then in pro- 
gress, met in the hall of the Franklin Institute, Philadelphia, 
at the request of the members of the New York Survey, and 
organized an association under the name of ^' The Association 
of American Geologists." At the meeting in Boston, in 1842, 
it was decided to enlarge the objects so as to embrace the collat- 
eral branches of natural science, the name being changed so as 
to read '^ The Association of American Geologists and Natural- 
ists." At the meeting in 1847, the objects were still farther 
enlarged so as to include all departments of science. A new 
organization was effected under the present name. Thus, in 
the spirit of this enlarged constitution, the Association opened 
its doors wide for the admission of students in every department 
of positive science, convinced that the time had come for thus 
extending its operations. This Association is republican in its 
organization and migratory in its visits ; meetings have been 
held in various cities of the Union annually, except during the 
years 1861-65, when they were suspended in consequence of 
the great crisis through which the country has recently passed, 
the meeting for 1861 having been appointed for Nashville. 

Twenty years since, the day following the adjournment of 
the Cambridge meeting, the Association visited Salem in the 
steamer R. B. Forbes, which was placed at its disposal by the 
kindness of the proprietors, and spent several hours in in- 
specting the Museum, the rooms of the Institute and other ob- 
jects of interest. This meeting was long remembered from its 
many interesting associations. 

IX is always pleasant at these meetings to witness the assem- 
blage of so many zealous and enthusiastic workers in science, 
scattered necessarily over a large extent of territory, and kept 
asunder by distance and the claims of professional duties ; 
laboring amid all the inconveniences of solitude, and isolated 
from the sympathy and counsel of those engaged in the same 
glorious enterprise, thus coming together, becoming acquainted 
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with each other's social and scientific worth, comparing notes, 
and contributing largely to scientific knowledge. May this 
meeting leave many pleasant associations, and be long remem- 
bered as productive of good results, and a lasting firiendship 
between all the members. 

Mayor Cogswell responded in the following terms : — 

Mb. President akd Geittlemen of the Amerioait Associa- 
tion FOR THE Advancement of Science: — 

In the name of the people of the city of Salem I have 
the honor to bid you a hearty and most cordial welcome, 
and to express to you our hope that this visit may be so pleas- 
ant and instructive that you may be induced to repeat it at no 
distant day. I am charged also with the agreeable duty of 
tendering to you the hospitalities of the city and the courtesies 
of her citizens. Coming as you do from all parts of the Con- 
tinent, bringing with you as you do the results of years of 
scientific study, meeting as you do to discuss the important 
questions embraced within the objects of your Association, we 
feel that your presence in our midst is an honor to our city, and 
that we shall be benefited by your coming. We hope that 
along our shores you may find objects of interest and instruc- 
tion, and that the great study of nature and of nature's God 
in which you are engaged may be promoted thereby. We de- 
light somewhat in our rocky coast, for we believe it has borne 
hardy sons. We shall delight to show you everything of in- 
terest which we have, while firom you we shall expect much of 
knowledge and information. Here, and in this vicinity, as you 
know, was first planted that deep-seated, earnest, anxious sys- 
tem of religion which developed or was developed by the Puri- 
tans, and which has left its impress wherever the son of the 
Puritan has trod. Religious as our fathers were, however, 
material considerations were not neglected, and the port of 
Salem had the honor of first opening up to the new Continent 
the wealth of the Indies and the fruits which have fiowed 
therefrom. Some of this trade has now gone out from us to 
build up other places, but the city of Salem, with an energy 
increasing every day, is now devoting herself to industrial 
pursuits on her own soil, taking her place, as all eastern cities 
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must, as the manufacturer of what the South and West pro- 
duce. We have also here some old traditions, I belieye, of 
what took place among our people in those earlier days, of 
which you probably may have heard. The accomplished gen- 
tlemen in charge of our County Court records will be pleased 
to show you, if you will, some of the original documents rela- 
ting to those mysterious times, which it may interest you to 
examine. Whatever would have befallen a convention of pro- 
gressive scientific men in that day it might perhaps be hard to 
tell ; but I can assure you, gentlemen, that this day your con- 
vention will be safe and undisturbed. It is not for me, how- 
ever, to speak the praises of Salem, but rather to extend to 
you again its welcome. Welcome to our midst ; welcome to 
the duties of the session ; welcome to all the pleasure and 
entertainment and kindness in our power to grant you ! From 
the West I greet you as the representatives of a mighty power 
in this country, in whose hands almost alone remains the weal 
or woe of the still great problem of our form of government ! 
From the South I greet you as the representatives of a section 
which it is my prayer may soon blossom as the rose, and to 
whose sunny clime and fertile soil it is my heartfelt wish may 
soon return a wealth, a happiness, and a peace which shall last 
for ever and ever. From the North and East I welcome you as 
neighbors ; and from the realms of the illustrious Queen I bid 
you welcome to the vicinity of the birth-place and the home 
of that distinguished citizen whose world-wide benefaction 
your Queen has delighted to honor and acknowledge. 

At the close of Mr. Cogswell's remarks. President Foster 
responded, addressing the Mayor and the Association, in the 
following words : — 

Mr. Matob : — As the official organ of the American Asso- 
ciation for the Advancement of Science, I express to you my 
profound thanks for the cordial welcome extended to us on 
this occasion. It gives us pleasure once more to meet within 
the limits of this ancient Commonwealth, illustrious in its his- 
torical associations, and in those institutions designed for the 
cultivation of the intellect, and the alleviation of the ills inci- 
dent to our common humanity. 

It is proper, too, that we meet within the limits of this good 
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old town of Salem ; for, yeafs ago, as the Mayor has informed 
you, its merchants, when they sent forth their ships to the 
East, which returned freighted with 

" the wealth of Ormas and of Ind,** 

were wont to dedicate whatever was rare or curious to the 
cause of science. This was the origin of the East India Mu- 
seum, the first institution of the kind, I believe, in the United 
States. The f^ssex Institute is another expression of the zeal 
of your people in the cultivation of those arts which dignify 
and adorn life. The Peabody Academy of Science is a noble 
monument to the comprehensive beneficence of its founder, 
and one among the many of those benefactions which have 
made his name illustrious in both hemispheres. 

The American Association, then, take pride in meeting here. 
It is an organization, catholic in all its aims and objects. In 
its ranks are enrolled men representing nearly every profession 
and every portion of the Union. We here meet on common 
ground — to compare views, to discuss problems, to eliminate 
truth, to announce results ; and, Mr. Mayor, when we shall 
have closed our deliberations, I doubt not that each one of us 
will carry to his home kindly remembrances of the courtesy 
and hospitality of the good people of Salem. 

Gentlemen op the Amebigan Association for the Ad- 
vancement OP Science: — I desire to tender to you my pro- 
found thanks for. this manifestation of your regard in calling 
me to preside over your deliberations. It is a position worthy 
of all aspiration. But the possessor must approach its duties 
with fear and distrust. It is with these feelings that I present 
myself before you on this occasion, but I trust that by the 
exercise of a spirit of strict impartially in the discharge of my 
duties, I shall win your approbation and support. 

The eighteenth annual session of this Association com- 
mences under favorable auspices. At its last meeting the at- 
tendance was never greater ; its treasury never better supplied ; 
and the memoirs, in number, variety, and interest, were never 
surpassed. There was a spirit of harmony and good fellow- 
ship among ourselves, and of zeal and devotion to the cause 
of science, from which we can draw the happiest auguries. 

A. A. A. 8. VOL. XVm. 87 
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We have now enrolled in onr ranks a class of young men 
who are better educated, and have had far greater facilities for 
investigation than were enjoyed by us, their seniors, at their 
age, and to them we may safely confide the interests of this 
Association when we shall ha^e rendered up our trust. What 
to us, at their time of life, was but a glimmering of light, to 
them is meridian splendor. What to us were but reasonable 
conjectures, to them are matured results. What we saw as 
through a glass darkly, they are permitted to see face to face. 
The verge to which we have attained, after long toil, is to them 
but the starting point for new explorations into the domain of 
nature. The fhture historian in treating of these times will 
regard this as an age, compared with past ages, when the hu- 
man mind put forth its most vigorous manifestations, not only 
in reference to pure science, but also in reference to the practi- 
cal arts of life. This has been accomplished by a faithful 
study of the laws of nature, and by acquiring a mastery over 
physical forces, — thus showing that nature is not like the 
Delphic Oracle of old which gave forth mysterious utterances 
and capable of two-fold interpretation, but rather like a benefi- 
cent deity, ready to reward each votary who, with all-rever- 
ent spirit and all-sentient ear, enters her sanctuary and listens 
to her teachings. 

Many of the Natural Sciences have developed into that 
beauty and harmony which now characterize them within the 
lifetime of many of us. Tet what we have accomplished is 
but the prelude to what shall be accomplished. The Chairman 
of the Local Committee has referred to the origin of this Asso- 
ciation, and has very properly told you that that origin dates 
back to the year 1840, when less than twenty ardent and de- 
voted men, for the most part engaged in the State Geological 
Surveys, assembled in the rooms of the Franklin Institute, at 
Philadelphia, and there organized as the Association of Ameri- 
can Geologists. He has traced that organization until it has 
assumed its present form. I take pleasure in recurring to that 
early history, because it was an event in American science. 
The necessity for such an organization was apparent. Geology 
at that time had hardly assumed the shape of a science. For- 
mations of the same age, and having a wide geographical 
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range, bore different local names ; and the entombed organic 
remains, which have proved the hieroglyphics by which we have 
been enabled to interpret the physical history of our planet, 
were then but little known. To compare views, to receive and 
impart instruction, and fix upon a common nomenclature, was 
the business of these observers. Each one brought forward 
the fruits of his observation to contribute to the general fund, 
— as of old among the Greeks, when a hero died, each warrior 
brought forward a shield flill of earth, and cast upon his 
remains, until there was erected a mausoleum which rose up a 
conspicuous landmark against the sky and destined to endure 
for all time. 

The modem student of geology may smile at some of the 
speculations contained in the earlier proceedings, founded on 
the supposed persistency of lithological characters in the sev- 
eral formations, — as though the streams the world over were 
charged with the same sediments ; as though the ocean floor 
everywhere contained the same forms of organic life ; and as 
though volcanoes were simultaneously excited and poured forth 
the same igneous products ; but to their honor be it said that 
that little band of men, who, unheralded and without parade, 
thus assembled at Philadelphia, in 1840, were emphatically the 
fathers of American geology. 

Of the original founders time has more than decimated their 
ranks. Of the survivors some are in this presence and will 
participate in these proceedings. But I must not speak of the 
living, however meritorious; my reminiscences are of the 
dead. And in this connection I would recall the name of 
Bailey, who, armed with the microscope, brought out results 
in the organic world almost as wonderfhl as those of. Ehren- 
berg ; of Mather and Vanuxem, and Ducatel, and Locke, who, 
to patient industry united keen powers of observation, and 
who have left behind enduring memorials; of Henry D. 
Bogers, who made some of the grandest generalizations in 
American geology and whose merits were recognized in both 
hemispheres ; of Houghton, who devised an admirable system 
of geological survey in connection with the lineal survey of the 
public domain, and from whom I parted a few hours before he 
became engulphed in the remorseless wates of Lake Superior ; 
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of Niccolet, a foreigner bj birth, impoverished in means, and 
in feeble health, who, after five years* toil brought oat his astro- 
nomical sun-ey of the valley of the Upper Mississippi ; of Red- 
field, among the foremost of our observers in meteorology ; of 
A. A. Gould, eminent as a conchologist, and an ardent promoter 
of all science, who was stricken down by the cholera when re- 
turning, after the war, from a meeting of this Association, at 
which he helped to revive its drooping fortunes ; of Johnson, 
whose report on the comparative evaporative power of our 
coals may yet be consulted with advantage ; of R. C. Taylor, 
whose work on "The Statistics of Coal" contains avast range 
of information which has served as the basis of our subsequent 
investigation ; of Harlan, who, at that time, was our only com- 
parative anatomist ; of Morton, among the most brilliant of 
our scientific men, who died prematurely for his own fame, pre- 
maturely for the cause of science ; and last but not least, of 
Hitchcock, the veteran observer, and Silliman, who in his 
Journal, combined and crystallized American science. Hitch- 
cock and Silliman went down to the grave ripe in years and 
crowned with honors; and when I see before me the sons 
engaged in the same pursuits which the fathers illustrated and 
adorned, I am reminded that 

*< E'en in their aahea lire their wonted flres.** 

I have deemed it proper on this occasion to pay this passing 
tribute to the memory of these early cultivators of American 
science. I fear, gentlemen, that I have detained you too 
long. Again thaYiking you for your courtesy, I close with 
the expression of the hope that our deliberations may be 
harmonious, and that they may tend, in the language which 
we have incorporated into our title, to "the Advancement 
of Science." 

At the close of the address the Association proceeded to 
business, and elected Mr. F. W. Putnam, Permanent Secretary 
pro tern, in the absence, in Europe, of Prof. Lovering. Six ad- 
ditional members of the Standing Committee were elected by 
ballot, according to the requirement of Rule 4 of the Consti- 
tion. The names of those chosen are printed elsewhere with 
the names of the other members of that committee. 
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Later in the session the Association voted to hold its next 
meeting at Troy, N. Y., beginning on Wednesday, August 3, 
1870. The officers elected for the next meeting are : — 

Prof. William Chauvenet, of St. Louis, President; T. S. 
Hunt, Esq., of Montreal, Vice-President; Prof. C. F. Hartt, 
of Ithaca, General Secretary; Dr. A. L, Elvtyn, of Philadel- 
phia, Treasurer. Prof. Joseph Loveeino was elected Permor 
nent Secretary for another term of two years commencing with 
the Troy Meeting. 

On the afternoon of Wednesday, August 18, the members of 
the Association were present, by invitation, at the dedication 
of the Peabody Academy of Science. On Friday evening, 
August 20, the address of Dr. B. A. Gould, the retiring Presi- 
dent, was given in the Tabernacle Church. There was a gen- 
eral session at Lyceum Hall on Thursday evening, to witness 
some physiological experiments by Dr. J. B. Upham And 
others. 

Many of the members in attendance upon this meeting ac- 
cepted the private hospitality, generously offered by families 
in the city of Salem. On Saturday, August 21, by invitation 
of the City Council of Salem, the American Association for 
the Advancement of Science enjoyed an excursion in the bay 
on board the steamer Escort, which was gaily decorated for the 
occasion. The boat, with a company of between four and five 
hundred ladies and gentlemen on board, proceeded to Minot's 
Light and afterwards to Fort Warren. Major McConnell, the 
officer of the day, received the excursionists, who, headed by 
Mayors Cogswell of Salem and Shurtleff of Boston, entered 
the fortress gate, marching to the music of the accompanying 
band. After spending a short time in viewing the various 
objects of interest in and about the fort, they reembarked and 
proceeded to Nahant; where a dinner, provided by the city 
authorities of Salem, was eaten in the Maolis Garden. At 
four o'clock the steamer was again taken and, after a very 
pleasant sail along the Gloucester, Manchester, and Beverly 
shores, the party returned to Salem. 

On different evenings of the session, receptions were given 
by W. C. Endicott, Esq., Mrs. Walcott, Dr. G. B. Loring, and 
the Salem Board of Trade. 
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RESOLUTIONS ADOPTED. 

Besolvedy That a oommittee be appointed to act as the 
correspondents of th^ various local committees, and assist 
them in making arrangements ?nitb the different railroads 
throughout the country for the transportation of the members 
of the Association to and from the meeting. 

Resolved^ That a request be addressed by the President of 
the Association to the Secretary of State of the United States, 
asking for the influence of the State Department, ?nith the ciyil 
authorities of Paraguay, to procure the restoration of the 
manuscripts of Mr. Porter C. Bliss, relating to the Indian 
languages of South American, of which he was deprived by 
order of President Lopez, and which are now supposed to be 
in his custody. 

The following resolution from the Subsection of Archaeoli^ 
and Ethnology was approved by the Association. 

Resolved. 1. As the sense of the Subsection of Archaeology 
and Ethnology that explorations for the collection of remains 
of Aboriginal Art are essential to progress, and that the Sec- 
tion takes this method and occasion to express their interest in, 
and commendation of, the proposed expedition of Mr. McNiel 
to Nicaragua.* 2. That a copy of this resolution be presented 
to Mr. McNiel. 

Resolutions relating to an International Statistical Con- 
gress. 

WherecLs This Association has been informed that a sug- 
gestion has been made on the part of some of the foreign 
members of the International Statistical Congress in favor of 
holding one of its sessions in the United States : — 

Resolved, That the members of this Association hereby ex- 
press their cordial approval of this suggestion, and their de- 
sire that the International Statistical Congress may decide to 
make the United States its place of meeting at an early day. 

Resolved, That an attested copy of these resolutions be for 
warded to the" presiding officer of the International Statistical 
Congress, soon to be held at the Hague, in the Netherlands, 
and to the delegate representing the United States in said 
Congress. 
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Resolution in regard to the sale of Proceedings. 

Besolved^ That the proceeds of all future sales of Proceed- 
ings of the Association be reserved and invested by the 
Treasurer, to form, together with any donations for the pur- 
pose, the nucleus of a special ftind, the interest of which may, 
at some ftiture time, be devoted to scientific researches under 
the direction of the Association. 



VOTES OF THANKS. 

Besolved, That the thanks of this Association be tendered 
to the Commissioners of Essex County for the use of their 
admirably arranged rooms in the Old and New Court Houses 
in Salem. 

Resolved^ That the thanks of this Association are due to 
the Local Committee, who, by their assiduity in providing for 
our reception and accommodation, have rendered this session 
one of unusual enjoyment and long to be remembered. 

Besolved, That the hearty thanks of this Association be 
presented to the citizens of Salem, who have so kindly and 
hospitably entertained the members, during the present Ses- 
sion. 

Besolvedy That the thanks of the Association are especially 
due to the Essex Institute, to the Trustees of the Peabody 
Academy of Sciences, and to the Board of Trade of the City 
of Salem, for their untiring exertions in providing for the ac- 
commodation of the meetings of the Association and facilita- 
ing the transaction of its business. 

Besolved, That the thanks of the Association are due, and are 
most respectAilly offered, to the ladies of Salem, who have so 
kindly and hospitably taken charge of the refreshment tables, 
which have been daily spread for our welfare. 

Resolved, That the thanks of the Association be tendered to 
the Proprietors of the Tabernacle Church, for the use of their 
church and vestry during the present session. 

Resolved, That the sincere thanks of the Association are 
hereby tendered to the Athenseum of Salem, to the Museum of 



Digitized by 



Google 



296 YOTSS OF THANKS. 

Comparatiye Anatomy at Cambridge, to the Authorities of 
Boston, to the Massachusetts Institute of Technology, to the 
Boston Natural History Society, to the American Academy of 
Arts and Sciences, to the Massachusetts Horticultural Society, 
and to the Boston Music Hall Association, for courtesies shown 
to this Association, and at the same time the Association begs 
to express its regret that,'by reason of the press of business, 
it was unable, in all instances, to avail itself of these cour- 
tesies. 

Resolved, That the Association acknowledges its obligation 
to the Directors of the following railroads, and especially of 
the Eastern railroad, for their liberality in granting a reduc- 
tion of fare to the members attending the present session. 

Eastern. Virginia and Tennessee Sooth- 
Boston and Albany. side. 

Boston and Providence. Norfolk and Petersburg. 

New York, Providence, & Boston. South Carolina. 

Boston and Maine. Memphis and Charleston. 

Portland, Saco and Portsmouth. North Eastern. 

Fltchburg. Illinois Central. 

Vermont and Massachusetts. Great Western. 

Vermont Central and Sullivan. Wilmington and Manchester. 

Connecticut and Passumpsic. Nashville and Chattanooga. 

Boston, Lowell and Nashua. Hartford and New Haven. 

Portland and Kennebec. Terre Haute and Indianapolis. 

Richmond, Fredericksburg and Marietta and Cincinnati. 

Potomac. Indianapolis, Cincinnati & La&y- 
Richmond and Petersburg. ette. 

A resolution was also passed expressing thanks to the 
Horse Railroad Companies of Salem for courtesies extended to 
the members of the Association. 

A resolution was also passed expressing high appreciation 
and commendation by the Association of the Feabody Acad- 
emy of Science in Salem. 

Also a resolution, giving a vote of thanks to the Mayor and 
City Council of Salem, for the Excursion on Saturday, the 21st 
of August. 
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KEPORT OF THE PERMANENT SECRETARY. 

This report relates to those transactions of business which 
belong to the interval between the first day of the Chicago 
meeting [August 5, 1868] and the first day of the Salem meet- 
ing [August 18, 1869]. 

During my absence in Europe, the details of my office have 
received prompt attention, as heretofore. The Chicago vol- 
ume has been printed under the direction of Mr. F. W. Putnam, 
the Director of the Peabody Academy of Science, and dis- 
tributed by my assistant, Mr. J. W. Harris. Circulars were 
sent to those members of the Association who were indebted 
to it for assessments, and the collection of money, in response 
to these circulars, has been considerable, although many are 
still largely in arrears. 
The financial condition of the Association is as follows : — 
Between August 5, 1868, and August 18, 1869, the income 
of the Association was three thousand and eleven dollars and 
thirty cents ($3 011.30). 

Of this amount, one hundred and eleven dollars accrued 
from the sale of the printed Proceedings, and the remainder 
from the admission fee and the annual assessments. 

The expenses of the Association, during the same interval, 
amounted to nineteen hundred and fifty-one dollars and 
seventy-seven cents ($1951.77), which may be apportioned 
thus ; — 

Cost of paper, printing, and binding, for the 
volume of Chicago J^ceedings, and expense 

of its distribution, $1 243.04 

Charges connected with the Chicago meeting, . $144.35 
Salary of the Permanent Secretary, five hun- 
dred dollars, $500.00 

Circulars, postage, stationery, express, . . . $64.38 

The particular items may be found in the cash account of 
the Secretary, which is herewith submitted as a part of his 
report. The balance in the Treasury of the Association on 
August 18, 1869, is twelve hundred and twenty-five dollars and 
nine cents ($1 225.09). ' j^^^^^ Lovzring, 

Permanent Secretary. • 
Salem, August 18, 1869. 

A.A.A.S.VOL.XVin. 38 
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CASH ACCOUNT OF THE 

Dr. Ambbicah Associatiok in 

J. W. Harris's bill as clerk, $60.85 

Stowell's bill for copying, 2.00 

Janitor at Chicago, 1.50 

Postage Stamps, 9.00 

Freight to the Smithsonian Institution, .... 8.60 

Binding Cash Book, 1.00 

Printing Circalars, 5.00 

Box to and from Chicago, • . 10.79 

Envelopes, 1.38 

F. W. Putnam, for postage, 12.21 

Guests' bill for reporting, 5.00 

Adams' bill for binding Proceedings, .... 84.78 

Postage stamps, * . 16.00 

Carter, for paper and envelopes, .... 3.00 

Ripley, for printing circulars, 6.00 

Salary of the Permanent Secretary, .... 500.00 
Paper and printing for the Chicago Proceedings, . 1,153.21 
Box of Proceedings to Washington, . . . .1.45 
Attendance at the Chicago meeting, . . . 75.00 

1,951.77 
Bidance to next account, .... 1,225.09 

3,176.86 
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PERMANENT SECRETARY. Cr. 

Account foUh Joseph Lovsbino. 

Balance from last account,* $165.56 

Assessments (fh)m No. 1 to No. 451 of Cash Books) 
including the sale of Proceedings, . • i 8,011.30 



8,176.86 



* This was enoiieoiiBly printed, In the last yolnme, as $16eJ{6. 
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lAst of European Institutions to which Copies of Volume XVIL 
of the Proceedings of the American Association were distrib- 
uted by the Permanent Secretary in 1869. 

Stockholm^ — Kongliga Svenska Vetenskaps Akademien. 
Copenhagen^ — Kongel. danske Vidensk. Selskab. 
Moscow^ — Soci6te Imp^riale des Naturalistes. 
St. Petersburg^ — Academic Imp6riale des Sciences. 
'^ '' Kais. Buss. Mineralogische Gesellschaft. 

" " Observatoire Physique Centrale de Russie. 

Pulkoway — Observatoire Imperiale. 
Amsterdam^ — Academic Rojale des Sciences. 

^' Genootschap Natura Artis Magistra. 

" Zoological Garden. 

Haarlem^ — HoUandsche Maatschappij der Wettenschappen. 
Leydeuy — Mus^e d'Histoire Naturelle. 
AUenburg^ — Naturforschende Gesellschaft. 
Berlin J — K. P. Akademie der Wissenschaften. 

^^ Gresellschaft fur Erdkunde. 
Bonn J — Naturhist. Verein der Preussisch. Rheinlandes, &c. 
Breslauj — K. L. C. Akademie der Naturforscher. 
Dresden^ — K. L. C. Deutsche Akademie der Naturforscher. 
Franckfurt^ — Senckenbergische Naturforschende Gesellschaft. 
Freiburg y — Koniglich-Sachsische Bergakademie. 
Gottingen, — Konigl. Gesellschaft der Wissenschaften. 
Hamburg y — Naturwissenschafblicher Verein. 
Hannover y — Die Naturhistorische Gesellschaft. [en. 

LeipsiCy — ^^Eoniglich Sachsische Gesellschaft der Wissenschaftr 
Munichy — K. B. Akademie der Wissenschaften. 
Prag^ — K. Bohm. Gesellschaft der Wissenschaften. 
Stuttgart J — Verein fiir Vaterlandische Naturkunde. 
Viennfikj — E. Akademie der Wissenschaften. 

" K. K. Geographischen Gesellschaft. 

'^ Geologischen Beichsanstalt. 

Wurttemburg^ — Der Verein fiir Vaterlandische Naturkunde. 
Basel J — Naturforschende Gesellschaft. 
jBem,— Allgemeine Schweizerische Gesellschaft. 
^' Naturforschende Gresellschaft. 
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ChnivBj — Soci^te de Fhjsicpe et dUistoire Naturelle. 
NeuchoUdj — Soci6t£ des Sciences Natorelles. 
Brtixellesj — Acadimie Roy ale des Sciences, &c. 
Cherbourg^ — Soci^t^ Acadimiqae. 
Dijan^ — Academic des Sciences, &c. 

Liige^ — Soci£t£ Boyale des Sciences. [Arts. 

LiUe^ — Sociiti Nalionale des Sciences, de rAgncoltiire, et des 
MorUpeUier^ — Academic des Sciences et Lettres.* 
Paris^ — Institat de France. 
^^ Soci6t£ Philomatiqne. 
^^ Soci£t£ M^ttorologiqne de France. 
Turin^ — Accademia Beale delle Scienzie. 
Madrid J — Beal Academia de Ciencias. 
Cambridge^ — Cambridge Philosophical Society. 
IhMinj — Royal Irish Academy. 
Edinburgh J — Royal Society. 
London^ — Board of Admiralty. 

East India Company. 

Museum of Practical Geology. 

Royal Society. 

Royal Astronomical Society. 

Royal Greographical Society. 
Manchester f — Literary and Philosophical Society. 
Bakwiaj — Sodeti des Arts et des Sciences. 

• Also VohimM ZY. andZYL 
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BBPORTS. 

Professor John Torrey, from the committee on Weights and 
Measures, reported and recommended the following resolution, 
which was adopted : 

Besolvedy That this Association cordially approves the pro- 
posed adaptation of American coinage to the metric system, by 
making the value of the dollar precisely that of one and a half 
grains of fine gold : — seeing in this a new step toward the 
promotion of fraternity among nations, by the unification of 
weights, measures, and coinage, inasmuch as all moneta^ 
units which have simple relations to the grains must have sim- 
ple relations to each other. 

Prof. L. Agassiz, fr^m the committee on the Jubikeum of 
Ehrenberg, reported that the duties assigned to the committee 
were completed. The report was accepted and the committee 
discharged. 

Dr. B. A. Gould, from the committee on the star Eta Argus^ 
reported that the duties assigned to this committee were com- 
pleted, and the committee was discharged. 



Rbpokt on ths Micboscopes and Microscopical Appabatxts, bx- 
hibited at thk mkbtino of thb american association for 

THB AnVANCKHSNT OF SCIENCB, AT SaLEM, MaSS., AUGUST, 1869. 

Thb local committee having determined to provide suitable 
rooms for an exhibition of Microscopes at the Salem meeting 
of the American Association for the Advancement of Science, 
a sub-committee was appointed to take chaise of the exhibi- 
tion. The committee hj^ving organized by the choice of Mr. 
James Kimball for chairman, and Mr. Edwin Bicknell as secre- 
tary, it was voted, "That the secretary prepare a suitable 
circular to be sent to all microscopists and others interested 
in the use of the microscope;" and in obedience to the vote 
of the sub-committee, tjie following circular was pr^ared. 
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A. A. A. S. 



Special Circular to Persona Interested in the Use of the Mi- 
croscope, — In making arrangements for the meeting of the 
American Association for the Advancement of Science, to be 
held at Salem, commencing at 10 A. M., August 18th, 1869, 
the Local Committee, in order to give encouragement to the 
general and increasing interest in tiie use of the Microscope, 
have decided to fUrnish rooms for the display and comparison 
of Microscopes, Objectives, Accessory Apparatus of all kinds, 
Test Objects, and Objects of Scientific and Popular interest. 

It is intended to have as complete a collection as possible 
of instruments of both American and Foreign Manufacture. 
Those who are possessed of Microscope stands. Objectives, or 
Accessory Apparatus in any way remarkable for excellence 
of performance or design, are requested to bring them to the 
meeting. 

Theobjects of this exhibition will be to assist the progress 
of scientific research, by social intercourse and a flill compar- 
ison and discussion of whatever is new and important in micro- 
scopical investigation, and to encourage the manufacture and 
use of this valuable instrument. 

Arrangements have been made to give ample opportunity 
for the use of the Microscopes both day and evening. A safe 
place has been secured for the deposit of instruments sent 
beforehand to the care of Mr. Bicknell, or brought by visitors 
who do not wish to keep them in their own possession. 

A sub-committee has been appointed by the local committee 
to make the necessary arrangements. Farther information 
relating to the subject can be had by addressing 

EDWIN BICKNELL, 

Sed^lf qf tke Sub-committee, 

Pbabodt Academt of SdSNCB. 



Salbk, Hay 29, 180B. 

This circular was sent, with the circular of the local commit- 
tee, to the members of the Association, and to all others inter- 
ested in the use of the microscope, as far as we were able to 
ascertain their addresses. ^ 

The distribution of this circular resulted in a gathering of 
twenty-five or more microscopes of different classes, including 
four quite old, and interesting on that account, and two not 
quite as old, the rest being of modem construction; Before 
giving a description of the modem microscopes, I shall briefly 
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describe the old ones, and would here state that the old micro- 
scopes were shown in comparison with the modem ones in 
order to give the beholder a nearly correct idea of the im- 
provements which have been made from time to time in the 
construction of microscopes, and to show the wonderM pro- 
gress which has been made, particularly in objectives. 

The oldest microscope is after the pattern described in 1694, 
by Hartsoeker, a Dutchman, but there is no certainty that 
this one was made by him. It is about two and a half inches 
long, and is held up to the eye to view the object, and has 
a condensing lens in the end opposite the eye. The object 
is placed between the eye lens and the condensing lens, by 
which it is adapted only for transparent objects. It is pro- 
vided with six eye-glasses. 

The next is a microscope made by G. F. Brander, in Augs- 
burg, Germany, and is described in 1769. It is on a stand, by 
which it can be used either vertically, inclined, or in a horizon- 
tal position ; it can be used as a simple or compound micro- 
scope, and with transparent or opaque objects. It has eight 
object-glasses, two of them provided with Lieberkuhns, and 
has a compound body, which, being removed,* converts it into a 
simple microscope, similar to the one first described. It has 
a Ramsden's eye-piece mounted in wood. 

The above mentioned microscopes belong to Dr. William 
Wood of Portland, Maine. 

The next is a Lieuwenhoek microscope made by G. Adams 
of London, about 1750, bought by D. Van der Weyde, A. M., 
in Amsterdam, in 1763. It is now owned by P. H. Van der 
Weyde of New York. In this microscope there Are six eye- 
glasses set in a reyolving plate, so that each eye-glass can be 
brought in succession over the object, thus saving the trouble 
of unscrewing. 

The next is a compound microscope, made by Charles Lin- 
coln, 62 Leadenhall street, London, in 1770, and is owned by 
Dr. G. A. Perkins, of Salem. This is vertical, and stands 
on three scrolls and has eight object glasses with one eycrpiece 
of the Ramsden pattern. 

This concludes the notice of the old instruments. 

The remaining instruments were of modern construction. 

A. A. A. 8. VOL. XVm. 89 
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The next is by Clarke of London, is owned by the Essex 
Institnte, Salem, was made about 1830, and was a complete 
instrument in its day. 

The next is Andrew Pritchard's large microscope, made 
about 1840, also owned by the Essex Institute, and was the 
best- of its period, haying a fhll set of objectives and acces- 
sories. 

Prof. Edward W. Morley of the Western Reserve College, 
exhibited a large and beautiM stand made by Thomas Boss. 
This has three eye-pieces, a Troughton & Sims' cobweb mi- 
crometer and goniometer, and other accessories. 

Dr. D. H. Briggs of Norton, Mass., exhibited a first class 
Smith & Beck binocular with a complete series of objectives 
and accessory apparatus. 

Benjamin Webb, Jr., of Salem, Mass., exhibited a first class 
Smith 6c Beck binocular with a complete outfit of objectives 
Arom three inch to one-fifteenth, by Smith & Beck, Spencer, 
and Wales ; also a complete set of accessory apparatus. 

Prof. J. Baker Edwards of Montreal, Canada, exhibited a first 
class binocular made by Pillischer of London, with a complete 
outfit of accessory apparatus and objectives by Smith & Beck 
and Andrew Ross. Prof. Edwards also exhibited a Sorby & 
Browning micro-spectroscope. 

Dr. R. H. Ward of Troy, New York, exhibited a first class 
binocular by Crouch of London, with ^^ Collins' graduating 
diaphragm," and " Crouch's universal parabolic illuminator." 

Prof. B. Silliman of New Haven, exhibited a first class mi- 
croscope by J. Grunow of New York, with goniometer eye- 
piece and objectives by Grunow, Wales, and ToUes. 

Dr. P. H. Van der Weyde of New York city, exhibited a 
microscope made by Andrew Ross, which had a very ingenious 
arrangement of his own for converting it into an inverted 
microscope for chemical use. 

Mr. Charles Stodder of Boston, Mass., exhibited a first class 
microscope made by the Boston Optical Works, which was a 
very fine instrument. It had a very thin stage which revolved 
on the optical centre of the instrument, making it very useM 
for certain purposes. 

Mr. Alpheus Hyatt of Salem, Mass., exhibited a first class 
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microscope made by Joseph Zentmayer of Philadelphia. With 
this was exhibited a fUl assortment of accessory apparatus of 
Mr. ZcBtmayer's make. 

Mr. Edwin Bicknell also exhibited a first class microscope 
by Zentmayer, objectives by Tolles and Wales. Tolles' solid 
D. and E. eye-pieces, ToUes' amplifier, and one-fourth inch ob- 
jective with Tolles' new illuminator for opaque objects. 

A very laxge, and in its time complete microscope, made by 
Chevalier of Paris, was exhibited by Mr. Chamberlain of Bos- 
ton, Mass. In addition to the objectives flumished by Chev- 
alier, it had objectives by Andrew Ross, and Andrew Pritchard. 

Mr. E. Bicknell exhibited a Zentmayer's *^Army Hospital 
Microscope." This is admirably adapted to the use of the 
physician and student. 

Mr. Charles Stodder exhibited four student's microscopes 
from the Boston Optical Works, the stands of the same pat- 
tern, but with dififerent kinds of adjustment for focus, and 
difiTerent stage arrangements. Mr. Stodder also exhibited the 
new "Clinical" and "Seaside" microscope, of the pattern 
recommended by Dr. Cutter of Boston. This can be trans- 
formed into a fine pocket telescope by having a suitable object- 
glass adapted to it. 

Prof. A. M. Edwards of New York, exhibited a student's 
microscope made by F. Miller & Brother of New York. This 
has one eye-piece and a dividing objective, thus giving two 
powers, and is furnished at a low cost. 

Mr. F. 6. Sanborn of Boston, exhibited a Murray & Heath 
sea-side microscope, which was a very neat instrument. 

Mr. C. G. Bush of Boston, exhibited a Smith & Beck stu- 
dents microscope, with Smith & Beck's and Tolles' objectives. 

Mr. A. H. Tuttle of Platteville, Wisconsin, exhibited a neat 
stand for a " dissecting microscope," in which the stand and 
arm-rests are made to fold into a very small compass. 

Several immerson objectives were exhibited, including a 
iV» tVj h i> ^y Tolles, two ^^ ^7 Wales, and No. 10 and No. 
12 by Hartnack of Paris. Mr. Tolles has recently constructed 
some immersion objectives for the use of the physician, for the 
examination of blood, pus, sputum, urinary deposits, &c. In 
these objectives the substance to be examined is placed upon 
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the front lens of the objectiye and covered with a piece of thin 
glass, which is kept in place by capillary attraction. The 
focus is obtained by the use of the '^ cover adjustment." This 
objective applied to the "clinical microscope," before described, 
is a very useful instrument for the medical practitioner. 

Mr. ToUes has also recently made several objectives of long 
focal distance on the immersion principle, which are admirably 
adapted to viewing objects in aquaria, or for dissecting under 
water. One shown by Mr. Bicknell had a power equal to an 
ordinary objective of f inch focal distance, and with a working 
distance of an inch. This objective showed well the circula- 
tion of cell contents in the Nitella. 

Two objectives made by Mr. ToUes of ^ and ^ inch respect- 
ively, were provided with his " illuminator for opaque objects," 
which is a glass prism set in the mounting of the objective 
between the front and middle combinations, so that the light is 
thrown down through the front lens upon the object, and so far 
as tested they have worked very well indeed, showing the 
object without glare or fog and with plenty of illumination ; the 
I being constructed upon the inmiersion principle, could be 
used upon a covered object with perfect results. 

Mr. £. Bicknell exbihited a very neat apparatus for cutting 
sections of wood, &c. ; also a new graduating diaphragm, both 
made by Mr. Zentmayer of Philadelphia. 

EDWIN BICKNELL, 

Secretary of Sub-section of Mioroeeopy. 
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On page 46. line 15, for it hat b^ore been ihoum, read U/ottotoM from tohai ha$ 
b^ore been ehown. 
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